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The National Electrical Exhibition. 


A GREAT epoch in electrical history 
was marked by the Paris Electricgl 
Exhibition, of 1881, from which industrial 
electricity may be said to date. Though 
arc lighting had already made much pro- 
gress during several years preceding that 
exhibition, the entire world was amazed 
at the showing there made, and the 
impetus thus imparted to electrical de- 
velopment was marvelous. Next in order 
of importance was the Philadelphia Elec- 
trical Exposition, of 1884, which, among 
other things, may be said to have resulted 
in the electric motor being placed in the 
line of development. While the electrical 
exhibition now being held in New York, 
coming as it does at a mature period of elec- 
trical advancement, does not hold out hope 
of such vital results as its earlier proto- 
types, yet in every sense it is a creditable 
successor to these two great shows, and out- 
ranks most, if not all, the half score of other 
electrical expositions held throughout the 
world during the past fifteen years. 

From the official catalogue we learn that 
almost 200 firms are represented, and as very 
many of these have shared part of their 
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space with others, there are between 300 and 
400 exhibits in place, aside from the numer- 
ous historical and loan exhibits. While, 
aside from the Rontgen ray experiments in 
the practical electrical engineering labora- 
tory, there is nothing startling, as at some of 
the earlier exhibits, to attract the attention 
of the electrical visitor, yet, on the other 
hand, there are few of the crudities which 
then formed such a large proportion of what 
was shown. Indeed, one of the most pleas- 
ing reflections during a walk through the 
aisles comes from the visual realization that 
industrial electricity has now passed far be 
yond the experimental stage in all of its de- 
partments, and rests on a solid basis much 
different from the shifting one of even a few 
years ago. 

Upon entering the main hall, shown in 
Fig. I, one is at once face to face with the 
attraction which divides honors with the 
Rontgen exhibit on the floor above—the 
working model of the Niagara plant operated 
by power from the machines of the great 
Niagara original.- In the day time the pump 


which supplies water to the miniature tur- 


bines is operated by a small motor taking 
current from storage batteries charged at 
Niagara, and at night time bya Tesla two 
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phase motor receiving current direct from 
Niagara, 465 miles distant, over two Western 
Union telegraph wires. Here also in the 
evening can be found an eager crowd await- 
ing turn to hear through telephones the roar 
of Niagara, transmitted from a large micro- 
phone located by the Falls. Near by is a 
working model of the Lamb system of elec- 
tric canal towage, consisting of a long tank 
of water, in which a miniature canal boat is 
towed back and forth by electric power. 
Facing the Niagara exhibit is the admir- 
able educational display of the New York 
Edison Electrical Illuminating Company 
(Fig. 2), by means of which the general pub- 
lic may learn all of the details connected 
with the domestic use of electricity, its gen- 
eration and distribution. Here the consumer 
may see how the current is conveyed from 
the station into his house; the mysteries of 
his concealed wiring are laid bare, and a 
working laundry and kitchen in which elec- 
tricity does all the heating and cooking, may 
perhaps cause him to think that without 
these later applications in his house he is 
after all, behind the world electrically (Fig. 3). 
The great arch shown in the illustration is a 
model of an upper field frame of one of the 
huge generators in one of the city Edison 


FIG. 1.—VIEW OF MAIN HALL AT THE NATIONAL ELECTRICAL EXPOSITION, 


stations. An electric piano, electric bed- 
warmers, electric surgical and dental ma- 
chines, are but a few of the other items in 
this exhibit, which owes its origin more to 
motives of public spirit than commercial 


gain. 
Passing by an electric launch and electric 
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ers nor a severe tax upon feminine strength 
nor even inimical to feminine neatness, since 
the entire working of the boiler is automatic, 
and merely requires an occasional regulation 
of a valve on the part of the attendant. The 
coal by means of a Hunt coal conveyor is 
brought from bnnkers and fed to an auto- 


“FIG. 2.—EDISON ILLUMINATING COMPANY’S RXHIBIT. 


carriage in an adjoining booth (Fig. 11), and 
descending to the ground floor, we find our- 
selves amongst engines and dynamos in op- 
eration, furnishing current for the manifold 
uses the visitor notes on the floors above— 
in one place running a huge printing press 
and in another producing the wondrous 
Röntgen rays; here heating a curling iron 
and there operating a punching press. Fol- 
lowing the curious gaze of lady visitors, we 
see a neatly dressed young woman appar- 
ently regarding a battery of Root boilers with 


FIG. 3.—AN ELECTRICAL KITCHEN. 


some interest, but upon closer investigation 
find that she is—the fireman in charge! 

To place the operation of 500 h. p. of boil- 
ers supplying steam, in charge of a young 
woman proves, however, upon examination, 
to be neither rash on the part of the employ- 


matic Wilkinson stoker, while another Hunt 
conveyor removes the ashes. The supply of 
feedwater, from Worthington feed pumps 
driven by Crocker-Wheeler motors, is auto- 
matically regulated by means of Root feed- 
water regulators, which stop the pump when 
the water level tends to rise above the nor- 
mal working level, and start it again when 
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“Ideal” engine direct connected to an Eddy 
generator, which has its frame raised some 
inches from the floor and merely supported 
at three points. 


Returning to the floor above, the visitor is 
bewildered by the variety afforded in the 
trade exhibits. Any notice that would do 
justice to these would extend over a score or 
more pages, and not having that space at our 
disposal, only a few general observations can 
be indulged in. 


The taste displaved in the arrangement of 
the exhibits is at once noticeable, and at 
night the brilliant illumination, heightened 
by the reflection from polished brass sur- 
faces on every hand, adds to the general 
effect. It goes without saying that the elec- 
tric light is everywhere pressed into service 
for ornamental purposes; illuminated signs 
and decorative effects are to be seen which- 
ever way the eye is directed, their brilliancy, 
in some cases, unfortunately, defeating the 
intended end by blinding the eyes of the vis- 
itor to the exhibits to which they are designed 
to attract attention. 


In a small room containing the lamp ex- 
hibit of the General Electric Company, a pan- 
oramic piece, entitled ‘‘ Mischief Brewing,” 
(Fig. 6) attracts much attention. It rep- 
resents a witch—rather singularly portrayed. 
young and handsome—bending over the time- 
honored caldron and accompanied by the in- 
evitable cat, in this case with fiery (electric 
hight) eyes. Beneath the pot glows a red 
fire, counterfeited by electric lights, and at 
intervals fiery sprites appear and disap- 
pear in the background. The latter effect is 
very clever and is accomplished as follows: 


The background is painted on a loosely 
woven fabric or wire screen, behind which 
are a number of compartments or pigeon 
holes. The end facing the background of 
each compartment is closed in with a plate 
of glass, on which the figure it is to show is 


FIG. 4.-—PORTION OF HISTCRICAL EXHIBIT. 


feed is again required. Another interesting 
exhibit in this department is a Harrisburg 


painted so as to be largely transparent, and 
the remainder of the glass covered with an 
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Opaque paint. In each compartment is an 
electric lamp, all the different lamps being 
connected with a commutator on a motor so 
as to be lighted only at intervals. In appear- 
ance, the fiery apparitions appear as actual 
part of the background when illuminated, 
and each distinct from the other, as the walls 
of the compartments prevent the passage of 
light except through the painted figure. 


FIG. 5.—ELECLRIC ARC 
IN WATER. 


Another trade exhibit that promises to 
create a sensation when finished, consists of 
some hundreds of ‘‘ bung hole’’ Imperial 
lamps so arranged that by throwing in turn 
a number of switches, different portraits will 
be outlined by lamps. . 

In the Weston instrument exhibit is shown 
an ammeter (Fig. 9) of a capacity of 180,000 
amperes, which, we are informed, has been 
made upon order from an English firm for 
actual use. 

From one standpoint, the historical and 
loan exhibit ( Fig. 4) is intrinsically the most 
important on view. In a score or more of 
cases are grouped what is possibly the finest 
historical collection relating to a branch of 
applied science that has ever been made, and 
to Mr. T. Commerford Martin, Dr. Park Ben- 
jamin, Mr. Edward Lind Morse and Mr. W. 


FIG. 6.—AN ELECTRICAL PANORAMA. 


J. Hammer, an unusual meed of credit is due 
for their public-spirited efforts, 

The collection of books of Dr. Benjamin 
relating to electrical science tells the story 
of the beginnings of electricity, and are dis- 
played opened at the pages where the first 
announcements of discoveries and inventions 
are made. One group relates to ancient 
knowledge of the magnet and amber, an- 
other to the precursors of Gilbert, another to 
the epoch of Gilbert and the beginnings of 
the science of electricity. Four other groups 
bring the chronology down to the time of 
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Franklin, two more to the time of Volta, and 
a final group deals with contemporary pro- 
gress in other sciences during the eighteenth 
century. i 
Here are first editions and representatives 


from the great presses of the sixteenth and 
seventeenth centuries, to excite the envy of 


FIG. 7.—HISTORIC FLECTR.G Cikeuinr. 


the bibliophile, and forgotten volumics whose 
study by Dr. Benjamin has led to the re- 
vision of long-ùeld ideas concerning priority 
in early discoveries. One of the most inter- 
esting volunies is a French work, ‘‘ Research 
on Electricity,’’ of which the author is Marat, 
the monster of the Reign of Terror. 

The particular copy of this book on exhib- 
ition was given by Marat to the Comte 
d’Artois, whose cipher and book plate it 
bears. In a note by Dr. Benjamin it is 
stated that Marat, at the time he wrote the 
book, was not the rabid Communist which 
he afterwards became, but, in fact, was 
physician to the Count’s body guard, and, 
probably, a very good royalist. 
min adds that the book is peculiar for the 
looseness of its statements and the impudence 
of the claims which the author makes to the 
discoveries of other people. 

Adjoining the Benjamin collection are 
cases containing an exhibit of Morse relics, 


AMERICAN ELECTRICIAN 


Dr. Benja- - 


3 


to art through the superior attractions of 
electricity, and one of the first daguerreotypes 
taken in America, here shown, recalls the 
fact that Morse's name would not be lost to 
science even had he never taken up electric- 
ity. Near by is an exhibit relating to Alfred 
Vail, Morse’s associate in the invention of 
the electromagnetic telegraph, comprising a 
model of the instrnment which transmitted 
the famous message, ‘‘ What hath God 
wrought.” 

The U. S. Patent Office exhibit of 364 


FIG. 9.—A 180,000-AMPERK METER. 


models is so bewilderirg in its richness 
that one is lost in viewing it. Lach in 
itself is a treasure, and isolated, would com- 
mand an interest that cannot here be con- 
centrated owing to the multitude of others 
‘equally important distracting attention. 

The remarkably complete historical col- 
lection of incandescent lamps of Mr. W. J. 
Hammer is one of the most interesting fea- 
tures of the exhibition. Here is truly a ‘‘His- 
tory of an Art,” for the hundreds of lamps 
comprised include, with few or no excep- 
tions, a specimen of every type of incandes- 
cent lamp that has been made, in some in- 


FIG. 8.—PRACTICAL ELECTRICAL ENGINEERING LABORATORY. 


in which the versatility of the great inventor 
is illustrated by specimens of his work as an 
artist and as a pioneer in photography. A 
painting made when a lad of fifteen shows 
the great promise of an artist who was lost 


stances the original lamp itself being shown. 
Among the numerous other exhibits of Mr. 
Hammer is a copy of a newspaper printed 
and sold on a train by Edison when fourteen 
years of age, some hundreds of photographs 
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of the electrical celebrities of the world,a col- 
lection of substances used by Edison in per- 


fecting the incandescent lamp filament, etc. ` 


In Fig. 7 is shown a historical electrical 
circuit through which the current starting 
the machinery of the exhibition was passed 
when Governor Morton closed the Greeley 
golden key on opening night. Among the 
wires forming the circuit is a section of wire 
over which Morse sent his first message (1); 
a section of wire (2) through which the first 
telephone message was transmitted; a section 
of the Atlantic cable (3) over which the first 
cable message was sent; section of a circuit 
(plug) which lighted the first incandescent 
lamp supplied from every electric lighting 
station (4); a section (5) of the first trolley 
wire, etc. 

Among other exhibits in the historical 
section is one loaned by Prof. Elihu Thom- 
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FIG. 10. GENERATING DEPARTMENT. 


son, comprising fifty different examples of 
pioneer and typical apparatus, and also a set 
of apparatus to illustrate investigations in 
‘‘Repulsion Phenomena”; collections of 
electrical laboratory apparatus from various 


colleges; a historical Edison exhibit, com- 


prising the original model of many of his 
great inventions, etc. 

Pages would be necessary to enumerate 
even the objects of vital interest in this re- 
markable historical exhibit, and it is with re- 
luctance that the visitor feels obliged to fin- 
ally pass on. Proceeding up stairs, an inter- 
ested crowd can always be found about a 
working ‘‘ Practical Engineering Labora- 
tory’’ (Fig. 8), which is presided over by 
Max Osterberg and a corps of competent as- 
sistants. Here all manner of experiments 
are performed to instruct and interest visit- 
ors, among the most striking of which is an 
arc burning under water as shown in Fig. 5. 
Here also is the exhibit of supreme interest 
to both the lay and electrical public—a work- 
ing Rontgen ray apparatus, A never-ending 
line of men and women patiently await their 
turn to have a ‘‘ glimpse of their bones” 
through a fluoroscope. During the daytime 
opportunities eagerly availed of are given to 
have radiographs taken of afflicted members 
of the body. The Edison exhibit of Ront- 
gen ray apparatus some evenings is presided 
over by the great inventor himself, who 
affably explains its mysteries to visitors, 


AMERICAN ELECTRICIAN. 


Fuse Wires. 


BY PROF. W. M. STINE. 


This subject is an old one, possibly some- 
what threadbare, and needing an apology for 
again presenting itself to electrical readers; 
yet as long as the fuse wire is a necessity in 
the plant, and its peculiarities are not always 
thoroughly understood, so long must it be 
discussed. 

At the outset it may be asked why the fuse 
is not as reliable and satisfactory an adjunct 
to the plant as the incandescent lamp. 
Herein lies the whole matter, so far as the 
practical electrician isconcerned. Incandes- 
cent lamps are so fairly uniform and reliable 
that one in purchasing them, may be toler- 
ably certain of the product he receives. They 
have but to be placed in the socket, and the 
matter is ended. Nothing is left to either 
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the knowledge or judgment of the operator. 
This definition stamps them at once as a 
practical engineering device. Any device 
becomes a practical engineering one in so far 
as it measures up to this standard. But here 
lies the whole difficulty with fuse wires. 
They are as simple, mechanically, as any- 


. thing can well be, but their action is quite 


complex and variable. There is no such 
thing as a standard fuse wire, nor do stand- 
ard bases and fuse blocks exist. Almost the 
entire responsibility rests on the knowledge 
and judgment both of the purchaser and 
operator. For such reasons, the fuse wire 
cannot at the present time be regarded as a 
practical engineering adjunct to an electrical 
plant. But in very many cases they are a 
necessity, there being nothing else to take 
their place. It then remains to place those 
who must use therin in possession of the most 
reliable information and directions for their 
use. | 

It is just here that the electrical engineer- 
ing profession owes an obligation to those 
who operate electrical plants. Sufficient ex- 
perimental evidence is at hand to enable cer- 
tain standard requirements to be formulated. 
These would be regulations governing the 
general design and sizes of fuse blocks, and 
the proper making of fuse wires on the part 
of the manufacturers. It is time these ques- 
tions receive the attention their importance 
merits. 
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Fuse wire is purchased on the market 
stamped with a certain carrying capacity in 
amperes; the fuse block is also purchased 
under a vague rating in ampere capacity. If 
the electrician knows no better, disastrous 
results may follow the combination of two 
such unknown quantities. If he has taken 
pains to post himself, he is no doubt so con- 
fused and uncertain that he scarcely knows 
how to properly fuse a circuit. And no 
wonder, under existing conditions. No one, 
unless possessed of considerable knowledge 
of physics, can properly use the simple fuse 
wire. 

The writer, assisted by Messrs. Freeman 
and Gaytes, has exhaustively studied the be- 
havior of fuse wires in ordinary use, both 
from the theoretical and practical stand- 
point.* Since the publication of this paper, 
much additional work has been added, and 
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the great variety of the data obtained seems 
to fully justify the conclusion to be noted. 

It must be remembered that the fuse wire 
is an integral part of the electrical circuit on 
which it is used, and is subject to all its 
laws. It differs from the rest of the circuit 
in having a relatively higher C? loss and 
lower melting point. Its resistance can 
readily be measured, as wellas the current it 
carries. Asa metallic alloy, it has a definite 
temperature at which it melts. While carry- 
ing current, it generates heat within itself, 
but parts with this heat at a certain rate. 
All the copper in the line does the same 
thing, and so far there is no difference be- 
tween it and the fuse proper. This consti- 
tutes the chief danger in the use of such 
thermal cut-outs, for should they fail, the 
copper circuit they are designed to protect 
and the insulation of the circuit as well, may 
play the part of the fuse. If the heat were 
generated and dissipated at certain known 
rates, nothing would exceed fuse wires for 
reliability and usefulness. They could be 
adjusted with all the precision of the auto- 
matic circuit-breaker or the current-regulator 
of the arc dynamo. 

To understand why this is not the case, 


* “The Rating and Behavior of Fuse Wires,” by 
W. M. Stine, H. Gaytes and C. E. Freeman. Tran- 
sactions A. I. E. E., Oct., 1895. Reprinted in ma- 
jority of electrical papers in November, 1895. 
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attention must be given to the causes of their 
variable action. Nearly all metallic conduc- 
tors offer increased electrical resistance as 
their temperature is increased. These same 
substances conduct heat in about the same 
ratio as they do the electrical current, and as 
fuses are always attached to heavier masses 
of metal, these attachments constitute, for 
the most part, the uncertain feature of their 
action. In addition to such loss of heat bv 
conduction, a further loss results from radia- 
tion to surrounding objects and conduction 
to the air in contact with it. Both the latter 


losses are greatly influenced by the condi- 


tion of the surface of the fuse. A bright pol- 
ished surface on the wire means less heat loss 
by radiation than would result from the dull, 
tarnished surface that soon covers the fuse 
wire. 

This may be considered a matter of minor 
practical importance, but it is associated with 
a graver effect; The lead in the fuse wire 
oxydizes quite readily and inthe presence of 
moisture soon coats the fuse with a white 
covering of oxide and carbonate of lead. 
Again, this reduces the loss of heat to the 
air, since the coating is a poor heat conduc- 
tor. The direct consequence of the tar- 
nished and coated surface is to refain more 
of the heat within the fuse, and as a conse- 
quence, it should fuse with a lower current. 
Rut everyone who has had much experience 
with fuses knows that this is just what does 
not occur; that it in reality requires a Afgher 
current to blow the coated fuse. But in 
spite of this seeming paradox, the theory and 
practice are in exact accord, The outer coat- 
ing acts mechanically, like a shell, holding 
the molten fuse ina tube; and the blowing 
of such a fuse depends not on its melting, 
but on an explosive action which shall 
shatter the shell. We have followed this 
lengthy discussion with a purpose. Some 
time since, the writer advised renewing fuses 
after about six months’ constant use. By 
some this statement was considered too em- 
phatic, though it has been warmly supported 
by the fire underwriters. Abundant data 
could be given in support of such statements, 
but it will suffice to state that in actual tests 
the oxide coating has increased the carrying 
capacity of the fuse from ten per cent to 
one hundred per cent. In too many plants 
coated fuses can be seen which will abund- 
antly support these claims. 

Attention must also be called to the slug- 
gish action of the fuse wire. The explana- 
tion just given of the action of the fuse makes 
this matter clear. Inthe first place, heat is 
developed in the fuse asa result of the cur- 
rent flow. This requires a certain time. Then 
the heat is conducted and radiated off, and a 
balance must be effected between the heat 
produced and that lost. All heat changes in 
metals, unless they be excessive, require 
considerable time. Let us examine a specific 
case: The fuse wire was of twenty ampere 
size, and eight inches in length, to avoid all 
heat losses at the contacts. It blew in forty- 
five seconds, with twenty-five amperes: in 
fifteen seconds with thirty-five amperes; in 
ten seconds with forty-five and in five sec- 
onds with fifty-five amperes; while it carried 
eighty amperes for three seconds. 
be taken as average practice. Note the 
length used, eight inches. If the fuse had 
been placed in the block, with a length of 


This may 
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about 1t; ins. the carrying capacity would 
have been enormously increased, This brings 
us to a consideration of the fuse block itself. 

Practically, all of the fuse blocks in ordi- 
nary use are both poor in design and dan- 
gerous. They have two great faults: the 
contacts are often placed flush with the 
porcelain base; this allows the fuse to rest 
on the porcelain, which, by its cooling action 
greatly increases the carrying capacity. The 
distance between the contacts is in nearly all 
cases too small. For example, a three anipere 
fuse wire ina covered porcelain block, dis- 
tance between contacts !3 in., required four- 
teen amperes to blow it; in an open block, 
contact distance 7g in., ten amperes; while 
a three inch length ina special block blew 
With six amperes. We may now draw some 
conclusions of the greatest practical impor- 
tance. The sluggish action of the fuse points 
out that its carrying capacity may be in- 
creased to 400 per cent or 500 per cent fora 
short time. This is an advantage, perhaps, 
in some cases. If a motor is started up 
under load, it usually takes an abnormally 
large current for a few seconds. A fuse will 
carry this current, while if accurately adjusted 
it will blow at a much lower current; that is, 
one slightly above normal working, if the 
motor is slow/y loaded. There mav be simi- 
lar cases in which such action is an advan- 
tage. However, should the generator be car- 
rving both a lighting and motor load, the 
starting of a motor of any considerable size 
will invariably seriously dim the hghts. Such 
action prevents working a generator up to its 
full capacity, for motor service demands 
considerable reserve output. 

This is such a common experience that it 
has come to be regarded as a necessity. But 
any one familiar with the design and con- 
struction of motors knows this can be pre- 
vented to a large extent. It is possible to so 
construct the starting rheostat that a motor 
will never require more than a normal cur- 
rent for starting, unless it is overloaded. 
The fuse wire is largely responsible for this 
usual, but poor, practice. For such reasons, 
rather than for unreliability of fuses, the use 
of automatic circuit breakers 1s advisable for 
motor circuits, preventing abnormal starting 
currents and enabling generators to be 
worked up to full capacity on mixed lighting 
and motor loads. But the sluygislness of the 
fuse entails another consideration. Take the 
entire circuit as a whole, and its insulation 
checks off as a counter-fuse to the actual fuse 
wire. The weaker of the two will always 
burn out the sooner under sudden abnormal 
currents. 

In general practice, the marked carrying 
capacity of the fuse wire and the design of 
the block are of more immediate concern. 
In no case, so far as the writer has been able 
to determine, has the manufacturer marked 
the product with sufficient data to enable the 
carrying capacity to be properly inferred. 
It is only within the past few months that 
the necessary elements for marking such 


wires have been clearly determined. The 
manufacturer has failed from lack of proper 
knowledge for marking his wires. The 


proof of such statements is too lengthy to be 
given here, but the conclusions to be stated 
are based on full experimental data. It is 
entirely unsatisfactory to mark a fuse wire 
With its carrying capacity stated in amperes 
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alone, One may take a five ampere wire, 
and by placing it in a short block have it 
carry fifty or even seventy-five amperes for 
any length of time. To obtain the best re- 
sults from fuse wires, they must be used 
under normal conditions. These are, that 
its length must be sufficient to prevent the 
contacts from increasing its carrying capacity 
by their cooling effects; that the fuse be re- 
newed from time to time to insure its being 
always clean and free from the white coating, 
and that it be taken into account whether 
the block is an open or closed one. 

A summary of practical conclusions al- 
ready published by the writer may be again 
stated: l 

1, Covered fuses are more sensitive than 
open ones. 

2. A fuse wire should be rated for its car- 
rying capacity for the ordinary lengths em- 
ploved. 

3. On important circuits fuses should be 
frequently renewed. 

4. Fuses up to five amperes should be at 
least 1'5 ins. long, '3 in. to be added for @ch 
increment of five amperes capacity. 

5. Round fuse wire should not be employed 
in excess of thirty amperes capacity. For 
higher currents flat ribbons of four inches 
and upwards should be used. 

Our experiments have shown that for large 
fuses, a multiple fuse is more sensitive than 
a single one. A one hundred ampere fuse may 
be made by taking four wires of twenty-five 
amperes capacity. The reasons for this are 
doubtless now apparent. 

Too much emphasis has been doubtless 
placed on the position of a fuse. Unless it 
be lony and quite heavy, its carrying capacity 
is practically the same whether it be placed 
vertically or horizontally. 

A very large number of allovs have been 
on the market from time to time. Exper- 
lence seems to show that the best alloy is one 
of lead and tin, the lead being considerably 
in excess. If too much lead is used, the 
fuses deteriorate rapidly and coat with the 
white film. 

A leading question now is the automatic 
circuit breaker versus the fuse wire. Both 
these devices are excellent in themselves, 
but each requires judgment in selection and 
use. The automatic circuit breaker is to be 
preferred for switchboard use and motor serv- 
ice. Large fuses should be avoided, as thev 
are both filthy and dangerous. Relegated to 
the back of the switchboard, the fiving 
molten metal fouls the bus bars and connec- 
tions, besides coating the board with a sooty 
deposit. A circuit breaker placed in plain 
sight on the front of the board is to be pre- 
ferred in all cases. For lighting circuits, it 
is doubtful if any simpler and better device 
than the fuse wire can be used. In spite of 
all that has been said against it, when prc- 
perly used and taken care of, it leaves little or 
nothing to be desired; vet there is nothing 
about the plant that is more dangerous when 
ignorantly or carelessly used. 

Perhaps the knowledge necessary to use 
fuse wires properly is too involved to exact 
from the average central station operator, but 
these have a remedy from the manufacturer 
in their own hands. It is reasonable to dce- 
mand that the manufacturers make the neec- 
ful tests to determine the necessary constants 
for their product. They should then mount 
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the wire on copper terminals, and plainly 
stamp them with the nominal carrying ca- 
pacity. This procedure leaves no room for 
mistake on the part of the operator, and be- 
sides, would not materially increase the cost 
The Board of Fire Underwriters 
will doubtless soon require this. They have 
it in their power to regulate the design of 
fuse blocks as well, and insist that the ter- 
minals be placed the proper distance apart. 


of fuses. 
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Special Forms of Engine Foundations. 


BY F. A. MERRILL. 

A requirement generally laid down with 
considerable emphasis in the specification 
for an engine installation in one of our 
modern office buildings, is that there shall 
be an entire absence of vibration. To secure 
‘this not only desirable, but absolutely nec- 
essary, result, special precautions are often 
necessary and the particular type of founda- 
tion must be suited to local conditions. 

Fig. 1 illustrates a type well adapted for 
situations where the building foundation is 
carried to bed rock from which it is neces- 
sary to insulate the engine foundation. A 
brick retaining wall is built enclosing a space 
somewhat larger than the foundation itself, 
and the uneven bottom within the enclosure 
is leveled off with a few inches of sand; then 
short planks are set on end against the wall 
and a single layer of brick laid without bond 
upon the bed of sand; the enclosure is now 
filled with concrete, constituting the foun- 
dation proper, and after it has set, the planks 
are removed and the space filled with sand; 
by filling the last few inches with asbestcs 
felt or similar substance, the sand is effectu- 
ally prevented from working out. 

Where the floor consists of a grillage of J- 
beams covered with a thin layer of cement, 
the type illustrated in Fig. 2 offers a very 
satisfactory solution. A brick retaining wall 
is built enclosing a space sufficiently large to 
contain the foundation, and about this a floor 
is built wide enough to give easy access to 
every part of the engine without stepping 
down; in fact it raises the floor level to the 
height of the top of the foundation. The in- 
terior of the enclosure—both bottom and 
sides—is lined first with a layer of asbestos 
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may be substituted for felt, while in both 
cases brick may be substituted for concrete. 
The chief adyantaye of concrete are, first, that 
for the same bulk it is considerably heavier 
than brickwork, so that for a given mass the 
excavation will be less; and second, that a 
properly made concrete foundation sets into 
what is practically a 
solid rock. 


For wet locations 


the question of vibra- Waterproof 
tion seldom arises, and tee 


in any event presents 


no difficulty if the 
construction illustrat- BRNE 
C | ë O 


edin Fig. 2 isadopted. 
As will be noted, this 
is essentially the same 
construction as that illustrated in Fig. 2, 
with the substitution of an asphaltum layer 
for the felt and as the former is both vibra- 
tion and water proof, it effectually meets 
either or both requirements. 

For situations where the conditions pres- 
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ent make it undesirable or impossible to 
build foundations of ordinary depth, or when, 
in order to get sufficient breadth, it is neces- 
sary to build them of irregular shape, the 
writer has designed a type of foundation 
constructed of structural steel and concrete, 

Plank, to be removed, 

and «pace filled 


ve With sand after 
r1 concrete has set 


Floor around foundstions 
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Brick laid without bond 


FIG. I. 


felt or similar material, which should be both 
a poor conductor of sound or mechanical 
vibration and indestructible, and then with a 
single layer of brick; the interior space is 
then filled with a solid block of concrete. 
With either of these types, various mcdifi- 
cations, which will suggest themselves, may 
be made to suit local conditions. For ex- 
ample, in Fig. 1 it will not always be neces- 
sary to carry the retaining wall the full 
height or the foundation, and in Fig. 4 sand 


one example of which is illustrated) in 
Fig. 3. 

Its peculiarity lies in the fact that the 
foundations are not independent, but merged 
in one homogeneous structure securely 
locked in a steel framework, so that each 
engine umt has, practically, the full advan- 
tage of its breadth and mass, and therefore is 
more securely and firmly supported than on 
an isolated foundation of ordinary character 


and depth, or on a single structure of the 


elise on Bch age E e T T 
C OAAS ‘i eae tate 
E . n + i “le Popi z of Pa AUN ~ 
yet ete oe ee ae ste rarna 
+ j STA BE I Rig Se a D ` ` 
' eee 7 CN bo‘ or 
bo aie we Pa wt 4 . 
EA 
. 


[Vo.. VIII. No. r. 
same depth but lacking the support and 
strain-transmitting advantages of the steel 
frame. 

Its advantages are the shallowness of the 
excavation, great stability, moderate cost 
and the facility with which this form of 
construction can be adapted to conditions 
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unfavorable to ordinary masonry foundations. 

The principal structural features to be 
noted are the longitudinal beams giving the 
requisite stiffness for preventing any tend- 
ency toward breaking, due to shallowness 


and unequal loading; the channel beams serv- 
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ing the double purpose of taking the strain 
of the anchor bolts and securely locking the 
concrete, so that it is impossible for it to fall 
out; and the ease with which the steel frame- 
work can be built of almost any desired 
shape to avoid obstructions or to secure 
Brick laid without bond 


Brick 


Cement floor 


Grillage of I beams 


Am. Elec. 
FIG. 4. 


economy in material while still retaining the 
advantages noted above. 
—_—__——_.<)--@—___—_—- 
Rare Books. 

Among the scores of remarkable publica- 
tions in the Benjamin collection at the 
National Electrical Exhibition, are the pri- 
vate and public editions of Galvani's Treatise, 
with author's annotations, and Ampere’s 
own copy of his famous paper on electro- 
magnetism, with autographic annotations, 


May, 18y6.] 


Rontgen Rays. 


BY PROF. D. W. HERING. 


A discharge in air at ordinary pressure be- 
tween the poles of a so-called static electric 
machine or an induction coil, is usually a 
brilliant white spark or flash, but if wires 
from the terminals of the apparatus are led 
into a bulb from which the air is nearly all 
exhausted, the-discharge reveals many feat- 
ures different from those shown in higher 
pressures. If the vacuum is so complete that 
only about one millionth of the original 
quantity of air remains in the bulb, we have 
the condition of gas upon which Professor 
Crookes made celebrated investigations, by 
reason of which such bulbs or tubes became 
known as Crookes tubes. 

The wires sealed in the sides of the tube, 
with a portion projecting into the interior 
where they may finally take any desired 
form, are called electrodes, and are to 
be joined to the two terminals or poles of | 
the electricalapparatus. The electrode of 
the tube that is connected with the positive 
pole of the machine is called the anode 
and that connected with the negative pole 
the cathode. Thus either electrode of the 
tube may be made anode or cathode, ac- 
cording to the way the tube is joined to 
the electrical machine or induction coil. 

When the machine is excited and a dis- 
charge takes place from the electrodes 
within the vacuum tube, that portion of 
the tube in reach of rays from the cathode 
emits a green light known as fluorescence 
and, besides this, affects the external re- 
gion in the vicinity as if an invisible radi- 
ance of a peculiar nature proceeded from 
the fluorescent glass in all directions. - 
This external radiance was called by Dr. 
Röntgen, its discoverer, X raysasa provis- 
ional term until the nature of the rays 
should be well enough understood to make 
it possible to name them correctly, but the 
world tost little time in adopting the term 
“Röntgen” rays as an eminently suitable 
name. These rays do not, in most cases, 
illuminate bodies or make them visible as 
light does, but certain substances when 
exposed to them in the dark, glow or become 
fluorescent as does the glass of the tube that 
is struck by the cathode rays. The property 
of exciting fluorescence is also possessed by 
sunlight, but an extraordinary thing about 
the Röntgen rays is that they are not inter- 
cepted by many substances which are quite 
impervious to ordinary light. The fluorescent 
Crookes tube may be completely enveloped 
by a black cloth or opaque case and yet the 
rays from it will cause a sheet of material 
rubbed with suitable substances to light up 
in the dark if brought into the vicinity of the 
tube. Materials especially suitable for such 
fluorescent screens are barium platino-cya- 
nide, potassium platino-cyanide and calcium 
tungstate. 

Various substances are penetrable by the 
rays in various degrees. Metals, especially 
the denser ones, are very slightly so, alumi- 
num being the most readily penetrated of 
the metals, and lead and platinum least 
readily. Wood and organic substances offer 
but little obstruction to their passage; animal 
tissues are easily penetrated, but each in 
its own degree, bone being much more of 
a barrier than flesh or the organs of the 
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body. Glass, on the other hand, is almost 
opaque to these rays. 

Owing to this difference in penetrability of 
different materials, if a body of varied struct- 
ure be placed before a screen which has 
been prepared with a paste of fluorescent sub- 
stance, and the rays be directed upon it, they 
will evidently pass through the penetrable 
portions and light up the screen where they 
fall upon it, but will cast a shadow of the 
opaque portions. In this way the outline of 
bones within the flesh may be seen, or of 
metallic objects in wooden or leather cases, 
the cases being scarcely seen at all. An in- 
strument constructed for convenient applica- 
tion in this way is a fluoroscope. 

The rays within the tnbe from the cathode 
produce fluorescence of the glass wherever 
they strike it, and the external radiation can 
be traced directly to the fluorescent portions 
as its source. Not that the green fluorescent 
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FIG. [I.--RONTGIEN RAY 


light shown by the glass is itself the agent 
that produces effects externally to the tube, 
for this light, we have seen, may be wholly 
cut off and still there will be found the nivs- 
terious Röntgen rays at work. The action is 
called radiation because it proceeds from 
definite centers in all directions, but while 
producing some of the same effects as light it 
differs from light in many and marked re- 
spects. Light, which proceeds in straight 
lines, can nevertheless be turned from a 
straight course at any desired angle by re- 
flection or refraction; light rays cean there- 
fore be brought to a focus and their effect be 
intensified, and images may be produced 
that are larger than the object or smaller, as 
we please. Röntgen rays cannot be deviated 
from a straight path by any means known as 
yet. Many efforts have been made to do it, 
and the possibility of reflecting them has 
been declared several times, but it is vet 
doubted and the evidences of reflection are 
by no means convincing. The instances 
of apparent reflection seem much more 
like diffusion; as when a muddy stream 
flowing into a clear lake causes the water 
to become turbid for some distance on each 
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side as well as in the direct line of the 
current. : 

The general interest was much heightened 
by the fact that the rays not only cast shad- 
ows on fluorescent screens, but also affect a 
sensitive photographic plate. For the cover 
shutting the plate in its hightproof holder is 
penetrated by the rays and the shadow effect 
is produced on the plate within. 

The foregoing is a general statement of 
the Rontgen phenomena. The most common 
method of producing Rontgen rays and of 
observing their effects is illustrated in Fig. 1, 
where the terminals of the Crookes tube are 
seen joined to those of the secondary wire of 
the induction coil; the photographic plate 
enclosed in its holder and surmounted by 
the objects to be pictured is immediately 
beneath the tube; and the use of the fluoro- 
scope (of the form invented by Mr. Edison ) 
in observing the structure of the hand is 
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shown on the left. A high vacuum in the 
tube is necessary, a pressure of about one- 
millionth of an atmosphere being very effec- 
tive. Ifa tube thus exhausted is not more 
than two inches in diameter. and the termi- 
nals inside are within an inch of each other, 
it will give fairly good Röntgen effects 
with a coil that would produce a spark of 
one inch or more inair. A higher vacuum is 
better, but then a higher electric potential is 
necessary and a rapid and sudden interrup- 
tion of the primary current is required. 
With a large tube, say, six to eight inches 
long, and a high vacuum, the coi] should ke 
capable of producing a spark of six or eight 
inches, and the current interrupted fifty 
times or more per second. Excellent effects 
are obtained by using the Tesla or oscillatory 
disruptive discharge due to rapidly alternat- 
ing charges of extremely high potential. 

As the source of the ravs is necessarily a 
considerable portion of the surface of the 
tube, it is plain that a sharp outline cannot 
be produced unless the object is very close 
to the screen or plate, or else the tube is at a 
considerable distance away. If the object is 
small and even within a half inch of the plate, 
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a large tube would send rays into the space 
hetween the object and the plate, and the 
shadow would be lost. Thus there are severe 


mechanical limitations to the experiment. 


FIG. 2.— RADIOGRAPH OF VARIOUS ARTICLES. 


Fig. 2 shows a variety of objects taken 
with the same exposure. There is a steel 
gauge in a morocco case, a fountain pen and 
filler in their cardboard box, a coin and am- 
ber mouthpiece in a round wooden box, a 
lead pencil with metal cap and a pincushion, 

Immediately upon the first announcement 
of the extraordinary discovery, attempts to 
repeat the experiment were made through- 
out the world. Efforts were especially di- 
rected to making the discovery serviceable 
in medicine and surgery, a great impetus in 
this direction being due to the startling fa- 
mous picture of the living hand, revealing 
distinctly the bones and joints in a hazy en- 
velope of flesh. The hand has been a favor- 
ite subject to try upon, and other portions of 
the body have been successfully examined 
by means of the rays. A less common, but 
not less interesting, picture is Fig. 3, which 
shows the hand and arm of a very voung 
Here are seen the beginnings of the 
bone formation, the centers of ossification 
from which the bones grow while their form 
and size are as vet incomplete. The original 


baby. 


FIG. 3.-—-RADIOGRAPH OF A BABY'S ARM. 


picture shows all of the details with great 
distinctness, but these are much blurred in 
the reproduction, the engraving process not 
heing able to reproduce the delicate shadows 
of the photographic print. 

The advances that have been made since 
the first announcement of the discovery may 
be summed up briefly about as follows : (1) 
improved methods of operating; (2) reduc- 
tion of time of exposure to obtain an impres- 
sion on photographic plate—whereas the first 
attempts required one to two hours, now 
under best conditions a good picture can be 
obtained in a few minutes, instances being 
recorded of an.impression being obtained in 
less than a second; (3) determination of the 
source from which the rays proceed; (4) 
knowledge of the electrical effect of the rays 
upon bodies receiving them, non-conductors 
being made conductors by them. In addi- 
tion to these, some points which were at first 
accepted without hesitation are now consid- 
ered open to question and, singularly enough, 
the most doubtful one is as to whether the 
transmission of the action from the source to 
where the effect is produced is in the form of 
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waves of any kind, and therefore whether 
there are any rays in the case at all, in the 
sense in which the term is commonly used 
in science. 

These additions may seem small in 
comparison with the magnitude of the 
discovery itself and the work of the dis- 
coverer, and they are so, but when it is 
remembered that investigators had to 
repeat Dr. ROntgen's experiments be- 
fore reaching a point from which to ad- 
vance, that they worked independently, 
and therefore often duplicated one 
another's work, that their laboratories 
were at first indifferently equipped for 
such experimentation, and that in few if 
any instances could they devote all or 
even a considerable portion of their time 
to this one line, the results reached within 
four months speak well for the zeal and in- 
telligence of the workers. 

2 poo 
Crookes Tubes and Experiments 
Roetgen Rays. 


With 


BY THOS. DUNCAN, 


After using a Crookes tube a number of 
times it was observed that it required a 
greater electromotive force to operate it. 
This phenomenon has been noticed by sev- 
eral experimenters with Crookes tubes re- 
cently, but has been known for years to in- 
candescent lamp makers. 

If the vacuum of an incandescent lamp be 
tested by means of a spark coil when first 
made, and is found to show a luminescence 
inside, after being put in circuit and used 
for a month or so, it will be found upon try- 
ing it again with the spark coil, that little or 
no luminescence will take place ‘with the 
original pressure or spark length. ‘The 
writer has even found this to take place 
when a new lamp is subjected several times 
toa voltage double of that for which it 
was designed. The duration of contact 
must be very short or as nearly instan- 
taneous as possible, not only to protect 
the filament, but also to prevent the in- 
terior of the bulb from being blackened. 

I have also prepared lamps in this way 
for comparison with other makes, when 
showing intending purchasers the difference 
between the vacuum obtained in the lamps 
I represented and those sold by other makers. 
It undoubtedly shows that there are tricks in 
all trades. 

The theory I always entertained regarding 
this increase in the rarefaction of the lamp 
was, that when incandescence takes place, 
the remaining air combines with the vapor- 
ized carbon particles or molecules that are 
undoubtedly thrown off from the filament, 
and is precipitated as a solid upon the in- 
terior surface of the receiver or bulb. 

How far this theory involving chemical 
change with resulting precipitation can be 
applied in the case of Crookes tubes, I am 
unable to say, but would be inclined to 
think, as Prof. Elihu Thomson has suggested, 
that the improvement in the vacuum of the 
Crookes tube is due to the carriage of me- 
tallic aluminum or other metal forming the 
electrodes, to the sides or interior walls of 
the bulb, the residual gas being absorbed in 
so doing. 

The success attending the production of 
good skiagraphs depends more upon the de- 
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gree of rarefaction of the tube than any- 
thing else, and can be verified by any one 
who has had the misfortune of trying to ob- 
tain Röntgen rays from domestic tubes, or 
those made by makers of incandescent 
lamps. 

It is possible that good Crookes tubes will 
be turned out upon the market by lamp 
makers, but it is to be regretted that some of 
these have been making and selling for the 
past month or two tubes that are as unfitted 
for the purpose intended, as their makers are 
to represent Professor Crookes in a mental 
capacity. 

I have tried eight Crookes tubes made by 
four different incandescent lamp companies, 
but with only one tube could I obtain any 
good results, the vacuum in the other seven 
being so low and poor that it was useless to 
experiment with them. They did not seem. 
to have any better vacuum than that shown 
hy an ordinary incandescent lamp. The one 
tube which bore all the characteristics of a 
genuine Crookes tube was made by a St. 
Louis Company, and if all their lamps are 
exhausted in as thorough a manner as ex- 
hibited by this tube, they must undoubtedly 
receive credit for it. 

There seems to be one thing certain, and 
that is, if any one undertakes to make 
Crookes tubes for skiagraphing through 
opaque matter, they will have to improve 
upon the ordinary practice and methods em- 
ployed in exhausting lamps. 

The very first step to be taken is to see 
that the pump is as clean and dry as it is 
possible and practical to make it. This may 
partially be accomplished by preventing 
moisture from entering either the mercury 
or the high vacuum chambers (mechanical 
or automatic Geissler pump), by causing the 
outside air which enters the mercury cham- 
ber at every operation of the pump, to pass 
through granulated calcium chloride, and 
interposing between the high vacuum cham- 
ber and the bulb to be exhausted, some an- 
hydrous phosphoric acid, which has a great 
affinity for moisture. In the latter precau- 
tions the introduction of the anhydrous 
phosphoric acid prevents any moisture that 
may .be contained in the bulb to be ex- 
hausted from passing down into the high 
vacuum chamber and coming iu contact 
with the mercury. It must be remembered 
however that the anhydrous acid must be re- 
newed often and not allowed to form a sur- 
face film or crust on top, when it is useless. 

The foregoing suggestions are well known 
and understood by makers of incandescent 
lamps, so are given more with the view of 
assisting and aiding the casual reader who 
may not be so well informed or initiated into 
the precautions necessary for the production 
of high vacua. 

If an incandescent lamp be exhausted un- 
til no air can be seen escaping through the 
valves of the pump, and the filament then 
incandesced, considerable quantities of air 
will be expelled at each operation of the 
pump, thereby showing that this air has 
been occluded in the pores of the carbon fila- 
ment, and could not have been gotten rid of 
without heating the filament and driving the 
air out into the vacuous space surrounding 
it. 

This heating also assists in drawing off the 
air which clings or adheres against the glass 
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upon the inside of the bulb. Therefore in 
exhausting Crookes tubes, I should think 
that it would be good practice to smoke the 
bulb thoroughly upon the outside, then set 
an oil lamp or other source of heat under it, 
at the same time covering it over with an as- 
bestos hood also smoked upon the inside, in 
order to concentrate the heat and distribute 


it as evenly and efficiently as is possible. 
This would help to remove the air from the 
inner surface of the bulb. 

If the electrodes are made from aluminum 
or other porous metal, the secondary termi- 
nals from a spark coil can be applied to them, 
and set in operation in a similar manner to 
that in which the tube is to be used after- 


FIG. 2. 


wards. This can not help but be a ready 
and satisfactory means of eliminating the 
air occluded within the electrodes. 

When we consider that mercury evaporates 
so readily even at ordinary temperatures, it 
might be admitted that a certain amount of 
mercurial vapor gains admission to the bulb, 
but even this may be prevented by interpos- 


ing in the tube connecting the high vacuum 
chamber and the bulb being exhausted, a 
small quantity of iodine (next to the high 
vacuum chamber) which absorbs the mer- 
cury vapor, then some sulphur which in turn 
absorbs any vapors given off by the iodine, 
and lastly powdered silver, which com- 
pletely absorbs any sulphurous vapor that 
may be evolved. This method of getting 
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rid of the mercurial vapor has been em- 
ployed by Professor Crookes himself, in con- 
nection with measuring the degree of rare- 
faction obtained with a Macleod gauge. 

While experimenting with a Crookes tube, 
I noticed that a cathode stream was thrown 
off from both electrodes, due to the current 
used being an alternating one. With the ob- 
ject of trying to suppress one of them and 
increase the density of stream from the 
other, I tried the following experiments, 
which may prove of some interest to those 
experimenting in the production of Rontgen 
rays. 

The current employed was the ordinary 
high frequency alternating current, making 


about 16,800 per minute, corresponing to a` 


frequency of 140 periods per second. 

The induction coil was capable of giving 
sparks up to eight inches; the primary was 
supplied from the secondary on a one hun- 
dred volt transformer, and had an inductance 
coil in series, so that any current strength 
could be obtained from the transformer, de- 
pending upon the length of spark required. 
A condenser was employed across the termi- 
mals of the secondary of the spark coil, as 
shown in Fig. 1. 

When an electromotive force was applied, 
the usual yellowish green fluorescence ap- 
peared all over the interior of the bulb, each 
stream also casting a dark square spot upon 
the wall of the glass opposite the electrode 
from whence it proceeded. The square form 
of the dark spot was due to the electrode 
having a square surface. 

Upon applying an external electrode of 
tinfoil, about the size of a silver dollar, to 
the end opposite the electrode whose cathode 
stream was thrown out horizontally, or 
across the yreatest length of the tube, and 
then connecting with the electrode, it ap- 
peared to throw off a counter stream: which 
perceptibly diminished the density of the 
stream from the inner or opposite electrode. 
This was also accompanied by a reduction in 
the fluorescence at the ends of the tube, and 
by an increase of the stream thrown off by 
the remaining or upper electrode, which in 
turn produced a marked increase in the 
fluorescence upon the opposite side of the 
tube. This arrangement is shown in Fig. 2. 

When the hand was brought in contact 
with either or both of these end electrodes, 
the respective streams of cathode rays and 
resulting fluorescence were again reduced to 
avery marked degree, with an accompany- 
ing increase in the stream thrown off by the 
upper electrode. 

This last result naturally suggested ground- 
ing the end electrodes, which was done by 
connecting to a water pipe; the experiment 
was then complete, the upper electrode throw- 
ing off a very strong and dense beam of 
cathode rays, causing the opposite wall to be 
very bright with fluorescent light, while the 
two other electrodes were as inactive looking 
as if they were not present at all. This ar- 
rangement is shown in Fig. 3. 
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Electricity and Corsets. The introduction 
of an electrical course in the Oakland 
(Cal.) Girls’ High School has resulted in un- 
expected perturbations, both feminine and 
magnetic. According to the New York Suz, 
the professor in charge of the electrical lab- 
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oratory has had a distracting experience, for 
during the lessons the delicate instruments 
have played him all sorts of tricks, and all 
his experiments have been of doubtful suc- 
cess. Every once in a winle a girl would 
step up to tell what she had learned about 
volts, ohms and amperes, and immediately 
the galvanometers would gyrate wildly and 
the needles on the various dials would wab- 
ble, and all the laws of Volta and Ohm and 
Faraday would go tosmash, and the findings 
of Edison, Tesla and Moore would become 
strangely lost. Inspecting the cause, the 
professor enlisted the aid of some of the 
women teachers, who counseled the girl 
pupils to discard corsets, at least before they 
take lessons in the electrical department. 
Finally, it \yas found necessary to issue a 
rule barring corseted girls from this depart- 
ment, and the embarassing question as to 
how its violation may be determined has 
been neatly solved. In entering the elec- 
trical department the girls have to pass by a 
sensitive magnetic instrument, besides which 
an attendant is stationed. On the near ap- 
preach of a girl wearing steel ribbed corsets, 
the needle gyrates frantically, and the girl is 
respectfully, but firmly, reminded of the rule, 
The five 
hundred girl students, savs the Sun, are 


and expostulations are useless. 


seriously disturbed over the situation, and as 
a body are not yet decided as to whether 
electrical science is of sufficient importance 
to justify a sacrifice of such a cherished ob- 
ject of feminine apparel as the corset. 


pene eee 
Stealing Electricity. That in the heart of 
a city connections can be made to an 


overhead electric railway feeder and for 
months current stolen for lighting incandes- 
cent lamps in saloons, seems improbable, 
particularly in view of the fluctuation in the 
lights incident to this system of supply, 
which, it would seem, should soon excite 
suspicion and lead to detection. Yet in 
Brooklyn several saloons were lighted by 
current thus stolen from the Brooklyn, 
Queens County & Suburban Railway Com- 
pany during a period of a year. The theft 
was detected through a tree in front of one 
of the saloons taking fire, supposedly from a 
trolley wire coming in contact with it. 
Linemen sent to repair the leak found that a 
wire led from the saloon window to a tree, 
but it was claimed by the saloon keeper that 
the wire, which passed around the trunk, was 
a guy to support the tree. It was discovered, 
however, that the wire also passed through a 
hole bored through the tree at a higher point, 
that a nail had been driven into the railway 
feeder and the supply wire attached to the 
nail! In order to obtain incontrovertible evi- 
dence, it was arranged to shut off the current 
at the power house for three seconds at three 
specified times during the evening. At 9:00, 
9:15 and 9:30 p. m. the lights went out and 
the saloon was in darkness for three seconds 
each time. The inspector, much to his as- 
tonishment, also noticed that the lights in 
two other saloons went out simultaneously 
with those in the saloon under investigation. 
Upon further investigation it was learned 
that two young men about a year ago had 
put the electric light in the several saloons 
referred to, and collected monthly half the 
former gas bill. 


IO 


Ornamental Electroliers. 

HAT the United States 
take the lead in the 
design and manufact- 
ure of artistic elec- 
trohers is a statement 
that might seem haz- 
ardous, though some 
well quahfied to speak 

believe it can be easily maintained. In iso- 

lated cases it is undoubtedly true that the 

French and, occasionally, the English, pro- 

duce designs of the highest artistic merit, 
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FIG. 2.—DUTCH CHANDELIER. 


but of recent years in this country the de- 
mand for special designs, brought about by 
the lavish decoration of magnificent private 
residences and luxurious hotels and the rec- 
ognition of the artistic element in the em- 
bellishment of public buildings, has led to a 
development of which the general public is 
little aware. 

The stock designs of American fixture 
manufactures as illustrated in trade cata- 


FIG. 3.—GREEK BRACKET. 


logues, though they compare favorably with 
those represented in similar publications of 
foreign makers, give but little indication of 
the special work done in this line, as the 
more artistic designs never appear in the 
pages of these. Owing to the very consider- 
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able expense involved in getting up such de- 
signs, manufacturers are loath to place them 
at the disposal of their competitors, and con- 
sequently it is rarely that they are illustrated 
in print; in many cases, indeed, a drawing is 


FIG. I.—BRONZE STANDARD. 


destroyed after the corresponding fixture has 
been made. | 

Of the special designs for fixtures, some 
originate with the artistic staff of the manu- 
facturer, others are furnished by those hav- 
ing charge of the decoration of a building, 
and still others are especially prepared by an 
independent artist, sometimes of national 
reputation. All of the more important firms 
manufacturing fixtures have drawings of 
‘exclusive designs,” generally of an expens- 
ive character, which are not published but 
from which fixtures are selected for manu- 
facture by customers; in order that the 
design may not be ‘‘cheapened’’ these are 
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not kept in stock. The same firms also 
furnish original designs to suit the require- 
ments of purchasers, in which case the designs 
may or may not be subject to reproduction for 
others. 

The tendency of the present day in the 
decoration of more expensive residences and 
of magnificent hotels like the Auditorium of 
Chicago, the Walton of Philadelphia and the 
Waldorf or Netherlands of New York, is 
toward individualization in rooms and apart- 
ments. Dutch, Louis Quinze, Empire, Flem- 
ish, Persian, classic and other styles of deco- 
ration for parlors, suites and public roonis, 


Y 
FIG. 4.—EMPIRE BRACKET. 
are nowadays in most cases carried out 
faithfully in all details, and carte blanche 
most frequently given as to expense. Nota 
small part of the effect depends upon the 
lighting fixtures harmonizing with the gen- 
eral design of the room or apartment, and to 
the incentive thus supplied the great artistic 


FIG. §.—CLASSIC BRACKET. 


advance in American fixture making is 
largely due. In a room with mural paint- 
ings by an academician, or with sculptures 
or wood carvings that have nothing akin to 
commercial work, the design of the appro- 
priate fixture is a matter, it goes without 
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saying, which calls for a high order of artis- 
tic skill, and it is creditable indeed that in no 
particular does the domestic design and exe- 
cution fall short of a degree of merit that 


FIG. 6.—THISTLEK BRACKET. 


might well tax the ability of designers in 
European countries usually regarded as 
much in advance of this country in artistic 
work in general. 

Through the courtesy of several leading 
manufacturers of artistic fixtures, we are en- 
abled to illustrate a number of special de- 
signs, many of which were prepared to con- 
form to general decorative schemes. The 
reproduction in Fig. 1 shows a beautiful 
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FIG. 7.—GRIFFIN STANDARD. 


design of a combination fifteen light stand- 
ard, one of a pair executed in bronze for the 
magnificent office building of the Metropol- 
itan Life Insurance COmpany, Madison 
Square, New York. As will be seen, the 
artistic appearance is not marred, as is often 
the case, by the gas attachments, which in 
this instance are in the form of ornamental 
branchings. The-six light chandelier shown 
in Fig. 2 was designed for the Dutch café 
of the Waldorf Hotel, and is fashioned in 
wrought iron and stag’s horn, the figure 
being carved in wood. 

A five light bracket is shown in Fig. 4, de- 
signed for a large banqueting room, the 
style being Empire in detail. The back 
plate is particularly elegant in appearance, 
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Fig. 5 is a two light classic bronze 


bracket made for the hallway of a club 
house. The Greek bracket shown in Fig. 
3 is combination fixture, though nothing 
it except 


in the design would indicate 
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FIG. 8.—ITALIAN RENAISSANCE CEILING 
FIXTURE. 


by close inspection. The electric lights are 
in the center under the flame-like globes, 
the emeryency gas tips being at the extreme 
right and left. 

Figs. 10 and 11 are fixtures installed in the 
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FIG. 9.—ITALIAN RENAISSANCE 
CHANDELIER. 


Metropolitan building above referred to, 
both being executed in bronxe. All of the 
above fixtures were made by the Mitchell 
Vance Company, New York, to whom we 
are indebted for the use of the original de- 
signs for engraving, 
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Figs 8 and 9 show two chandelier de- 
signs in Italian Renaissance. Both fixtures 
were finished in Roman gold, which style 
of finish is well adapted to, and miuch 
used for, higher grade work. We are in- 
debted to the Chicago General Fixture Com- 
pany for permission to reproduce these two 
designs. . 

As one enters the magnificent office ro- 
tunda of the Hotel Netherland, New York, 
his attendance is immediately attracted by a 
pair of great bronze griffins guarding a 
stairway leading to a lower floor, at the same 
time forming part of the design of two great 
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FIG. 10.—BRONZE CEILING FIXTURE. 

standards carrying almost a score of electric 
lights within spherical globes. One of these 
is shown in Fig. 7. This striking design 
was made by the architect, W. H. Hume, 
and executed in polished bronze by John 
Williams at his factory on West Twenty- 
seventh Street, New York. Fig. 6 is a 
thistle bracket made by the same firm from 
a design by Mr. Hume, and is one of a num- 
ber used in one of the principal public rooms 


11.—BRONZE CEILING FIXTURK. 


FIG. 


of the magnificent Hotel Netherland, one of 
the Astor hotels in New York city. 
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NATIONAL 
Electric Light :ł 
CONVENTION. | 


—— 


The Nineteenth Convention of the National 
Electric Light Association held on May 
5,6, and 7 at the Grand Central Palace, 
New York City, though hardly as well at- 
tended as some of the previous conventions, 
was yet in many respects a decided success, 
the character of the papers being somewhat 
above the average. 

The reason for the lesser attendance seems 
to lie inthe fact that the large contingent 
from New York and adjoining cities, which 
usually goes to swell the list, was not regular 
or constant in its attendance; in addition, 
the numerous attractions of the city and the 
large number of out of town delegates who 
had business to transact in New York and 
vicinity, tended to reduce the number of at- 
tendants on the sessions. Owing to several 
of the papers not having been handed in in 
time to he put in type before they were read, 
a motion was passed that all papers hereafter 
must be submitted to the executive commit- 
tee for approval and be printed and for- 
warded to the members one week before the 
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meeting of the convention. If the papers 
are printed in time, it is proposed to read 
them by title only except in special cases. 

In his presidential address Mr. Wiltmer- 
ding sketched the growth of the electrical 
industry and referred to the great object 
lesson which the exhibition held in connec- 
tion with the convention afforded on this 
score. About seventeen years ago, he said, 
the first central station was established, and 
at present there are 2500 electric light com- 
panies in the United States and about 200 
municipal plants, representing an invested 
capital of over $300,000,000. An idea of the 
capacity of these, together with those of iso- 
lated plants, may be formed from the fact 
that there are produced daily for their use 
from 50,000 to 75,000 incandescent lamps, 
while the annual consumption of carbons in 
arc lamps is 200,000,000. 

Of electric railways there are no less than 
goo in this country, using 11,000 miles of track, 
operating, 25,000 cars and involving an invest- 
ment of $750,000,000, which is increasing 
annually at the rate of $100,000,000 for new 
roads and new equipment. Against goo elec- 
tric railways in this country, there are less 
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than 100 in all Europe, and as to electric 
lighting, the output of a single company in 
New York or Chicago is greater than the 
output of all the stations in the city of Parir. 
President Wilmerding referred favorably to 
the work of preparation of a set of new rules 
for safe wiring, whose adoption, when fin- 
ished, throughout the United States, he con- 
sidered would be a great boon. 

Among the business matters discussed by 
the Association, several subjects developed 
more than usual interest. When the matter 
of appointing a delegate to the National 
Conference on Rules for Safe Wiring came 
up, ex-President Armstrony strongly opposed 
committing the Association by appointing a 
delegate as member of the Conference; Pres- 
ident Wilmerding and others favored such 
action, but finally a compromise was made by 
appointing a committee of five to co-operate 
with the National Conference, and with 
authority to elect one of its members a dele- 
gate —the Association by this action not 
committing itself to any rules that may be 
adopted. 

The Committee on Data requested to be 
discharged, as it felt that the present method 
of procuring data did not produce satisfactory 
results, owing to lack of reliability. The 
chairman, Mr. Swetland, proposed that the 
Association obtain the services of an expert 
to thoroughly examine into the cost of oper- 
ation of certain sample plants, selected with 
a view to securing average results, his report 
to take the place of the present report of the 
Committee on Data. After some discussion 
this suggestion was adopted, and the neces- 
sary expenditure of money by the Committee 
on Data for the services of an expert was 
anthorized. 

Some dissatisfaction was expressed that the 
Committee on the Relations between Manu- 
facturing and Central Station Companies 
made no report, and after some discussion 
the discharge of the former committee was 
authorized with the understanding that a new 
committee should be appointed. 

A discussion took place in regard to a 
standard of light, and a committee was ap- 
pointed, consisting of Dr. Louis Bell, chair- 
man, James I. Ayer and Louis A. Ferguson, 
to confer with the American Institute of 
Electrical Engineers for the purpose of deter- 
mining such a standard. 

The following officers were elected for the 
ensuing year: President, Frederick Nicholls, 
Toronto, Can.; first vice-president, Henry 
Clay, Philadelphia; second vice-president, J. 
J. Burleigh, Camden, N. J.; members of the 
Executive Committee: A. J. De Camp, Phila- 
delphia; John A. Seely, New York City; A. 
M. Young, Waterbury, Conn. and H. A. 
Wagner, St. Louis, Mo. 

Below are given abstracts of all the papers 
read except that of Mr. W. L. R. Emmet, 
which will appear in a following issue. 


EQUALIZER SYSTEMS OF DISTRIBTTION. - 


Ina paper with this title, A. Churchward 
described a number of systems that have 
been devised to accomplish the same results 
obtained with the usual three wire system, 
including one of his own for this purpose, 
which has been in successful operation for 
two years. Referring to the accompanying 
diagram, ./ is the generator across whose leads 
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is connected a motor 7, with two comimuta- 
tors, Æ and F; C is the field circuit of the 
motor. The generator circuit is connected 
with the motor by a brush on each commu- 
tator; two other brushes, one on each com- 
mutator, are connected together and an 
equalizing or neutral line run from them, as 
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shown in the diagram above. When the 
heaviest loads are on this system and the 
sides are balanced, the equalizer merely runs 
free as a motor. Should one side contain 
more lamps than the other, an amount of 
current will flow between the armature and 
the equalizer wire sufficient to take care of 
the overbalance, the operation in this respect 
being exactly similar to that of the Edison 
three wire system. 

The same principle car® be applied, for ex- 
ample, on a 500 volt line, forming four 125 
volt lighting circuits, and yet permitting the 
motor load to be carried at 500 volts. 

In the discussion of Mr. Churchward's 
paper, Mr. Edgar, of the Boston Edison Il- 
luminating Company criticised adversely 
the system described, in which he said that 
the motor equalizer would be required to 
have a current capacity equivalent to the 
total current capacity of the station. Mr. 
Churchward answered that this was not so, 
as a very slight wire would stand a tremen- 
dous current, and that the equalizer would 
stand an overload. The point of the system 
he said, was primarily to get around the 
Edison three wire system. It is intended to 
put the equalizer on every block and not in 
the station, the method being one of getting 
around the three wire system irrespective of 
economy. 


INDUCTOR ALTERNATORS. 


In a paper entitled ‘‘ Some Account of the 
Evolution of the Inductor Alternator,” John 
F. Kelly traces this type of generator from 
1854 to the present type, describing in detail 
some of the more characteristic forms. The 
concluding portion of the paper takes up the 
“S. K. C.“ alternator, the description and 
illustrations of which we here reproduce. 

The rotary inductor is a cylindrical steel 
casting, with outwardly projecting, lamin- 
ated pole pieces, ./1!, at either end. The 
armature consists of two rings connected by 
wrought iron tie bars, C. The induced coils, 
B, are sunk below the surface grooves in the 
armature rings, and the stationary exciting 
coil, <1, lies in the space between the pole 
pieces and the armature rings. The ma- 
chine is very effectively ventilated by means 
of openings in the middle of the inductor 
under the exciting coil and the spaces be- 
tween the tie bars. The exciting coil itself 
is protected from injury by a massive hollow 
ring of cast copper, inside of which it is 
wound. 

Attention is called in the paper to the 
importance of keeping the flux constant 
in the inductor, so as to avoid hysteresis 
and eddy current losses therein. The only 
thing tending to disturb the inductor flux 
is the varying reluctance caused by a 
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change in the relative position of the 
armature slots and the inductor poles. 
To keep this at a minimum is the chief 
reason for preferring a double wreath 
of induced coils to a single one. Mechani- 
cal interruption of both ends is necessary 
in either case, and it is wise to -take 
advantage of it in distributing the induced 
coils. With the same amount of wire, the 
space variation of reluctance is much less 
when both air gaps are utilized than when 
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only one is, and, at the same time, the regu- 
lation of the machine is better. Ascomplete 
lamination of the body of the inductor is 
dificult, even a slight change of flux is to be 
sedulously avoided. Iamination of the pole 
pieces is necessary, even with constant flux, 
as the slots ‘necessarily change its distribu- 
tion. 

But, even with the flux through the induc- 
tor constant, the difficulties are by no means 
surmounted. A large mass of ironin the 
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armature is a necessity of the construction, 
and the losses in this way may be such as to 
make the machines practically inoperative. 
Only thorough lamination would put an end 
to the eddy losses, and thorough lamina- 
tion is, for structural reasons, out of the 
question. Another solution is imposed. 
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Now, when the flux is constant in the induc- 
tor, it is obvious that in amount it must also 
be constant in the armature. It but shifts 
in position without altering in magnitude. 
But to give rise to the electromotive force in 
the induced coils, it is unnecessary that the 
shift should take place throughout the mass 
of the armature. It is necessary only that 
the shift should take place through the coils; 
that is, to the depth to which the coils are 
embedded. The problem is, therefore, to 


combine a steady flux in 
the center of the arma- 
ture with a shifting flux 
in the armature faces: or, 
in other words, the dis- 
tribution of the flux in 
the middle of the arma- 
ture inust be independent 
of the points in the face 
at which the flux enters. 
Stated in this way, an an- 
alogy with the conditions 
of electrical distribution in parallel is sug- 
gested and this points to the solution. 

Consider for a moment the two laminated 
rings as electrical mains and the tie bars as 
translating devices. Then, if the two mains 
be of low, and the translating devices of high, 
resistance, the current through the translat- 
ing devices will be substantially independ- 
ent of the points of attachment of the feed- 
ers—the analogues of the inductor poles. 
Similarly, if the reluctance in the direction 
of the lamination be low in comparison with 
that in the direction of the tie bars, the 
magnetic flux in each bar will be constant, 
no matter what the position of the inductor 
poles. In this manner, the change of flux 
is confined to a small portion of the arma- 
ture iron, whieh may be thoroughly lam- 
inated, and thus eddy current losses are sup- 
pressed and hysteresis losses reduced to a 
minimum. It thus becomes possible to use 
in the armature any quantity and form of 
iron demanded for structural reasons. 

It will be noticed that the inductor poles 
are curved ina special manner. Thisisdone 
to make the E. M. F. curve as nearly as pos- 
sible a sine curve. Mr. Kelly added that as 
his firm is engaged in building machines for 
general service, and believes that the sine 
curve is the best for general distribution 
work, that form of wave is used. 

The heavy copper bobbin surrounding the 
exciting coil, besides being a mechanical pro- 
tection for the coil, 1s also of use in that it 
prevents the development of an excessive 
electromotive force in either exciting or in- 
duced coils, if the exciting circuit should be 
accidently broken. It resists very powerfully 
any sudden change of flux. 
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An important advantage of all stationary 
induced coil machines, and, of course, there- 
fore, of inductors, is the possibility of regu- 
lating separate circuits or feeders with little 
or no auxiliary apparatus. Since it is possible 


_totap the armature coils at any point, any 


desired electromotive force between zero and 
the maximum may be obtained for one cir- 
cult without altering the excitation, and con- 
sequently, without interfering with the elec- 
tromotive force of any other circuit. Circuits 
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or feeders having different drops may thus be 
provided for. Fig. 3 shows one method of 
operation. The coils, JA, are the main in- 
ducing coils, giving the electromotive force 
necessary for all -circuits or for the mains in 
a feeder and main system. AA are the aux- 
iliary or regulating coils. The number of 
the regulating coils in circuit is controlled by 
the switches, CC. The diagram shows only 
two circuits; but, of course, any number may 
be branched on, each with its own regulating 
switch. This method is the simpler for the 
operation of only one or two machines. The 
adoption of this method secures the same 
flexibility and ease of control of the individ- 
ual circuits as if a separate machine were 
used to feed each one, while, at the same 
time, there isa lower first cost and the greater 
economy of operation of large machines. 

In the discussion of Mr. Kelly's paper, Dr. 
Bell referred to the sine wave controversy. 
As an explanation why a peaked current 
wave gives a better transformer efficiency, he 
stated that such a wave being composed of a 
fundamental and of higher harmonics, the 
higher frequency of the latter entails a greater 
efficiency in actual working than that of the 
fundamental sine wave; in other words, such 
an alternating current has an equivalent 
frequency in respect to the transmission of 
energy a little higher than its normal fre- 
quency. For running motors, however, the 
design of motor should correspond to the 
current wave of the line over which it will 
be operated. 


ELECTROLYSIS. 
Mr. Brophy read a paper in which he gave 
the history of various methods of under- 
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ground distribution that had been tried, from 
the time that wires had first been placed 
underground in American cities down to the 
present. He referred to the very great dam- 
age done to the lead covering of underground 
wires by return street railway currents 
through electrolysis. He believes that the 
only real remedy is to cease using the earth 
and rail for the return circuit and employ 
metallic circuits, and considered it an injustice 
after a state legislature or city council has 
compelled a company for reasons of public 
safety to place its wires beneath the ground, 
that it should not protect that property after 
being placed there. The evil of electrolysis 
from electric railway currents can be reduced 
largely by extending cables into the danger 
district, which is usually within a radius of 
half a mile from the station. In cases, how- 
ever, such as where a power station is built 
upon a rocky formation, such return cables 
will have to be extended toa greater distance. 

Captain Brophy believes that in some cities 
it will be impossible to use lead covered 
cables in certain portions, and it seems to 
him that the manufacturers of cables will 
have to bestir themselves to find something 
for the better protection of wires placed 
underground than lead or other metal, un- 
less street railways adopt an entirely differ- 
ent mode of construction. 

Referring to the bonding of rails, Captain 
Brophy stated that while a bond may be per- 
fectly safe to-day, six months hence it may, 
through electrolytic action, offer such resist- 
ance as to render it almost useless, and he 
added that he places no confidence in any 
rail bond on the market. 


SINGLE PHASE, SELF STARTING, SYNCHRO- 
NOUS MOTORS. 


F. H. Leonard, Jr., described a new type 
of single phase, self starting, synchronous 
motor which combines the principle of the 
ordinary alternating current, synchronous 
motor with that of the direct current motor 
or generator. The armature has two distinct 
windings; one of these is an ordinary dis- 
tributed winding connected to a commu- 
tator similar to that of a direct current motor 
or dynamo, which winding in this motor is 
used for starting and afterwards for exciting 
the fields. The other winding is of the 
shuttle type so disposed as to produce distinct 
and regularly alternating poles in the arma- 
ture, and which performs the regular work of 
rotating the motor armature, advancing it 
from one pole to the next with each alterna- 
tion of the current. This shuttle winding is 
connected to collector rings at the other end 
of the armature. 

An ordinary double throw switch on top of 
the motor is used in starting; there is no re- 
sistance or other complicated device, as the 
self inductance of the windings is sufficient 
to choke back any abnormal flow of current. 
In starting, the switch handle is depressed 
so that the wires leading the alternating cur- 
rent from the motor transformer are con- 
nected through the switch blades to contacts, 
from which the current is led, first to one of 
the commutator brushes, thence through the 
distributing armature windings and out 
through the opposite brushes to a closed wire 
winding on the field poles, and then back 
again to the switch contacts and binding 
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posts, these connections beiny identical, it 
will be seen, with those of a direct-current 
series motor. 

As soon as the current is turned on, the 
motor Commences to rotate at a constantly 
accelerated speed until synchronism is 
reached, which is indicated by the lighting 
to a dull red of a lamp located on the switch. 
This is the signal for the reversal of the 
double throw switch, which then changes 
the connections so that the leads from the 
transformer are cut off from the commutator 
and connected to the collector rings and 
thereby with the armature shuttle winding; 
at the same instant the commutator brushes 
are connected to supply the field with direct 
current, the only office of the connnutator 
after the motor is started and up to speed 
being to supply the small amount of direct 
current necessary to magnetize the feld. In 
starting without load, the motors, according 
to size, etc., will run up to synchronous speed 
in from five to fifteen seconds and, when 
loaded, in from fifteen to thirty seconds. 
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The direct current winding delivers a per- 
fectly smooth current, which passes through 
a rheostat in the field winding by which the 
extent of field excitation is controlled. This 
rheostat is located in a recess in the base of 
the motor, the handle for its regulation being 
accessible through an oval opening at the 
commutator end pedestal. The motor starting 
switch and field rheostat are in one piece, 
making a simple and compact combination. 
These motors are suited to any frequency in 
general use, being wound for from 140 to 60 
complete periods per second. They are 
wound for from one up to and including ten 
horse power, are for from 50 to 110 volts 
alternating secondaries, but larger sizes of 
motors are designed for higher potentials and 
even for direct connection to a primary 
circuit. 

Mr. Leonard pointed out that these 
motors, though specially designed for single- 
phase circuits, will, of course, work quite as 
satisfactorily when connected to either two 
or three phase circuits, and possess the advan- 
tage in these latter cases of reducing induc- 
tive drop if their fields are kept over excited. 
The motor also answers the requirements of 
a good rotary transformer, lending itself very 
conveniently to charging storage batteries 
and electrolytic work, the alternating cur- 
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rent entering the armature through the 
collector rings, and the continuous current 
being taken from the commutator brushes. 

In the discussion of the paper by Mr. 
Leonard, Mr. Wagner asked whether the 
effect of the switching at the central station 
found necessary to properly divide the load 
on alternating current generators, would not 
cause the motor to fall out of step. Mr. 
Leonard replied that if a motor fully loaded 
had the current switched off, it would drop 
out of step and stop, but that most stations 
where the motor described had been used, 
the circuits upon which the motors were run 
were not switched except at hours when the 
motor was not in service, or the switching 
was done while the generators were in multi- 
ple, thus obviating the breaking of the cir- 
cuit and the cutting off of the current. In 
reply to a question by Mr. Van Trump as to 
a difficulty experienced by him in operating 
such motors on account of their E. M. F. 
curve being different from that of the line, 
Mr. Leonard said that variations in curve 
made no difference. In reply to a question by 
Mr. Ferguson as to whether, in case a machine 
was started up on a light load and the opera- 
tor did not throw the switch in time, thie 
speed of the machine might not be so ac- 
celerated as to make it go to pieces, Mr. 
Leonard said that this might happen through 
carelessness, but not if instructions were 
followed. 


THE EVOLUTION OF THE ARC LAMP. 


Under the above title, L. H. Rogers read 
a paper tracing the arc light from its dis- 
covery by Sir Humphrey Davy to the present 
time. Mr. Rogers is of the opinion ‘‘ That 
for the purpose for which it is intended to 
be used, the arc lamp, as we commonly know 
it, is mechanically and electrically the 
poorest designed and constructed piece of 
mechanism on earth’’; he also thinks the 
statement cannot be denied, that not one 
single idea of great merit has been added to 
the arc lamp from the time of the original 
Brush lamp in 1875 down to 1895. 

Discussing the improvement of the arc 
lamp, Mr. Rogers considers that the position 
in space of the arc itself should be stationary. 
He advocates that the upper carbon be made 
larger than the lower one, thereby obtain- 
ing the largest crater and the smallest ob- 
struction beneath to the light. By using a 
$% in. upper carbon and % in. lower carbon, 
$2.50 a lamp per year, he stated, may be 
saved. With the upper carbon fourteen 
inches long and the lower carbon twelve 
inches long, a lamp will burn from fourteen 
to sixteen hours, an equal stub will be left 
of each carbon and the arc will be kept prac- 
tically in the same position during the entire 
run. Another advantage is that a five-eighths 
upper and one-half lower carbon held loosely 
at the clamps and guarded near the arc, will 
absolutely prevent the wedging or slipping 
by, whether the lamp be shunt or differen- 
tial. 

The carbon rod with its ring clutch is con- 
demned. Mr. Rogers favors a short lamp, 
as the casing can be made of light cast 
iron in such shape as to avoid the nec- 
essity of a hood, the carbon lengths can be 
increased and the size of the carbons so pro- 
portioned that the upper one will produce 
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the largest crater and the lower one offer 
the least obstruction to the light. If 
the upper carbon is hung on a chain sus- 
pended over a sheaf and the lower carbon is 
attached to the end of the chain with proper 
adjustment, several things may be accom- 
plished; the chain can be made of equal 
length, inch for inch, with the upper carbon, 
so that as the latter feeds down when an 
inch of carbon has been consumed, the 
weight of an inch of chain has been added, 
and the regulating armature remains in the 
same plane between the pole pieces of the 
magnet as before. Thus there is no re- 
striction on the weight of the carbon and 
any size most suitable can be used. 

The double carbon arc lamp is condemned 
for a number of reasons, and the advantages 
pointed out of a single pair of carbons burn- 
ing sixteen hours, and of a lamp with only a 
single arm of small cross section reaching 
down to sustain the globe holder. The 
shadow from this arm can be thrown direct- 
ly against the pole or building, leaving abso- 
lutely unobstructed light for the street. 


REPORT OF THE COMMITTEE ON DATA. 


The Committee on Data submitted a re- 
port containing a tabulation of data received 
from eighty-two electric light stations. The 
average result from the eighty-one stations 
using coal as fuel is 108 watt hours produced 
per pound of coal, or seven pounds of coal 
per horse power hour, nearly. A report was 
received from a station using crude oil, which 
shows a production of 214 watt hours per 
pound of oil. 

The following is a compilation from the 
reports giving the data of the several stations 
which appear to have made careful tests: 

The average evaporation per pound of coal 
from all of the stations that sent such data 
was 7.09 lbs. of water per pound of coal. 
This figure refers to the actual coal used and 
not to evaporation from and at 212 degs. 


AMERICAN ELECTRICIAN. 


ton, where it has been fotnd that an actual 
horse power in water lifted was produced by 
the consumption of 1.34 Ibs. of coal, it is 
remarked that, assume that the efficiency 
of pumps compares favorably with the effi- 
ciency of electric yenerators and making no 
allowance for variation in load, one pound 
of anthracite coal, used with the same 
economy, in electrical work should produce 
557 watt hours. As stated above, the aver- 
age for all the electrical stations and for all 
kinds of coal is only 108 watt hours. 


ACETYLENE GAS. 

Louis A. Ferguson read a paper giving 
some figures on the cost of production of cal- 
cic carbide, and considering its commercial 
value as an illuminant. He estimated that 
the cost of production at Niagara cannot be 
less than $34.69 per ton or $37.69 per ton 
delivered at Philadelphia. The former figure 
represents the cost of manufacture to a large 
gas company operating in New York, Bos- 
ton, Philadelphia or Chicago, having its 
carbide works at Niagara, and whose busi- 
ness it would be to produce acetylene gas 
from the carbide and distribute it to custom- 
ers through existing mains. He states that 
the present average cost of illuminating gas 
in holders approximates thirty cents per 
thousand cubic feet, while the cost of acety- 
lene gas in a holder with calcic carbide at 
$34.69 per ton would be equal to illuminat- 
ing gas at thirty-seven cents per thousand 
cubic feet, making illumination furnished 
by the latter approximately twenty per cent 
higher than that of ordinary illuminating 
gas. 

He pronounces a plan of distributing 
liquid acetylene in cylinders as entirely im- 
practicable and uncommercial, there being 
insurmountable objections to such a method. 
Experiments, he affirms, have shown that 
though coal gas may be enriched by acety- 
lene, water gas is not susceptible of enrich- 
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In conclusion, the report states that the 
economy secured in generating power for 
electric work does not compare favorably 
with the production of power for other pur- 
poses, and that this is also true after tak- 
ing into consideration the variations in load 
due to electrical work. Referring to a re- 
cent statement of the economy obtained at 
the Chestnut {Hill pumping station in Bos- 
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ment by it; water gas, he added, is now 
used for illumination in nearly all the large 
cities, being treated with petroleum in order 
to increase its very low natural candle power. 

. In regard to the suggestion that the manu- 
facture of calcic carbide may be carried on 
by central stations as a by-product, Mr. Fer- 
guson replies that from direct knowledge as 
to the cost of operation in the larger central 
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stations of this country, he can safely say 
that the average cost of fuel alone in stations 
having the most modern type of multiple 
expansion condensing plant, averages .3 
cent per kilowatt hour or, approximately, 
$20 per horse power per year for continuous 
service, while the total cost of generation in 
the station would average over double that 
amount. In the average of the large central 
stations, the generating cost at the switch- 
board approximates one cent per k. w. hour, 
which is $65 per horse power per year, and 
in the smaller station using steam it is 
double that amount. With carbide at f4o 
per ton, the cost of twenty-five candle power 
hours would be one cent, which would be 
the cust of 160 ¢. p. hours of light from elec- 
trical energy supplied to incandescent lampe, 
or 575 ¢. p. hours if supplied to arc lamps. 

From the deductions in his paper, Mr. Fer- 
guson concludes that in the light of present 
knowledge and upon the basis of the esti- 
mated cost of calcic carbide, acetylene gas 
should not drive the incandescent or the arc 
lamp from the lighting field, and neither 
should it make such inroads on the electric 
lighting business as to materially affect the 
earnings of the electric central station light- 
ing companies. After all, he says, acetylene 
is a gas and burns with a naked flame, while 
the present use of arc and incandescent 
lamps is not because of their cheapness, but 
because of their infinite superiority as illu- 
minants over any gas flame yet developed. 


INTERIOR CONDUITS. 


In a paper entitled ‘‘ Evolution of Interior 
Conduits from the Electrical Standpoint,”’ 
Mr. Luther Stierenger reviewed the develop- 
ment of interior electrical wiring, and con- 
cludes that the best experience of the past 
fifteen years has demonstrated the following 
facts: 

1. Indiscriminate wiring with staples is 
universally condemned. 

2. Cleat wiring is admissible in exposed 
work where the circumstances admit, but 
not in concealed work. 

3. Wires imbedded in plaster, depending 
on the insulation only for protection, are 
condemned. i 

4. Lead covered wires are also condemned, 
except where protected in a conduit. 

5. Wires in mouldings do not afford me- 
chanical or chemical protection, and are 
only admissible in surface work. 

6. Wires carried in plaster and covered 
with split or zinc tubes to prevent injury by 
trowels, are condemned. 

7. Glass or porcelain insulators can only 
be utilized in special cases of exposed work. 

8. Paper tubes do not afford absolute me- 
chanical and chemical protection. 

9. Insulated tubes covered with a thin 
coating of brass or other metals, do not af- 
ford absolute mechanical and chemical pro- 
tection, but, in exposed work, they are, toa 
certain extent, admissible. 

10. Woven fabric conduit does not afford 
absolute chemical and mechanical protection. 

11. Heavy insulating covering, integral 
with the insulation, offers no absolute pro- 
tection against mechanical and chemical in- 
jury, and 1s analogous to rubber tubing for 
gas distribution installed throughout a build- 


ing. 
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12. Concentric wiring is practiced in Eng- 
land with satisfactory results, but is not in 
use in the United States. It offers many 
possibilities in the direction of a solid and 
fixed system. 

13. Paper lined iron or steel pipes, known 
as ‘‘Iron Armored Conduit,” ‘‘ Builders’ 
Tube,” ‘‘ Armorite,’’ ‘“ Clifton,” and plain 
iron or steel pipe, are the only conduits that 
can afford absolute security against me- 
chanical and chemical injury and assure per- 
manence. 

Mr. Stierenger added that there is another 
embryo system that may be developed, pos- 
sessed of sufficiently desirable features to vet 
_ become a standard and a rival of the conduit 
for interior distribution. This consists of a 
solid or fixed system, in which the con- 
ductors are firmly fixed in position with the 
insulation in an injury-resisting metal tube 
or covering, which can be made of any 
length to suit all requirements. 

The following opinion relating to plain iron 
tubing is quoted with approval: ‘‘the reason 
fora lining in the interior of iron pipe must be 
either mechanical or electrical; if it is simply 
mechanical, it is inexpensive. If the reason 
is electrical, is it not rather anomalous that, 
in a city like this, you can have one hundred 
miles of pipe in the street in which the insu- 
lated wires lie in a bare grounded tube, 
whereas the moment you go into a house 
you must not have it?” 

Mr. Stierenger quotes Prof. S. P. Thomp- 
son who said: ‘‘ What is wanted is a mode of 
running the wires and fixing the switches 
and other accessories, that they shall not 
only be electrictight, but shall be water- 
tight, gastight, airtight, oiltight and rattight”’ 
and he adds that all of the above require- 
ments, and more, are filled by a properly 
insulated conductor inclosed in an injury- 
resisting metal pipe. 


A STANDARD INCANDESCENT LAMP SOCKET. 


Alfred Swan submitted a communication 
on the question of a standard lamp socket, 
the adoption of which, he said, would have 
to await the adoption of a standard lamp 
hbase. He criticised the present forms of 
bases, and thought the most practical and 
satisfactory solution is a form of base or 
mount so inexpensive that when the lamp 
is destroyed the base may be allowed to go 
with it as in itself a thing of no value. In 
view of the fact that high tension lamps are 
in all probability to be the lamp of the future, 
the question of a safe socket acquires vast 
importance. Porcelain, he considers, will 
no doubt come largely into use for this pur- 
pose, which will greatly modify the condi- 
tions governing the selection of both a base 
and socket. As even a small saving in the 
cost of base amounts to a considerable sum 
in the aggregate, it isin this direction that 
economy should be most encouraged. 
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Vacuum Tube Lighting. 


Mr. D. MeFarlan Moore, in a paper read 
before the American Institute of Electrical 
Engineers, Apr. 22, described the result of 
some of his work in vacuum tube lighting. 
In his system of lighting, Mr. Moore em- 
ploys a make-and-break in a vacuum, one 
form of which is shown in Fig. I. The ap- 
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paratus consists of a spring rigidly supported 
from one end and having attached to its free 
end a disk of soft iron; a contact point rests 
against the spring at about its centre, the 
whole spring and contact being enclosed by 
a sealed glass tube from which the air is ex- 
hausted. External to the vacuum tube is an 
electromagnet, which, when excited, attracts 
the soft iron disk. In short, the apparatus is 
similar to that of an electric bell make-and- 


FIG. 


I.—VACUUM MAKE-AND-BREAK, 


break, the contact points, however, being in 
a vacuum. Fig. 2 shows the connections 
with the source of current and with a light- 
ing tube. 

In order to illustrate this method of vacuum 
lighting, twenty-seven tubes were placed in 
position inthe Institute Hall, each 7 ft. 6 
in. in length by 13% ins. in diameter, to 
which power was supplied by a 7% k. w. 
dynamotor. It was stated, however, that 
owing to an accident to the motor rheostat, 
only about two horse power of the capacity 
was used. These tubes were lighted several 
times during the evening for a minute or less 
at a time. The amount of illumination frony 


FIG. 2.—DIAGRAM OF CIRCUITS. 


the entire nuniber of tubes was estimated by 
several of the audience as equivalent to that 
given by four to five 16-candle power incan- 
descent lamps. The circuit of the tubes con- 
tained, in addition to the make-and-break 
magnet shown in Figs. 1 and 2, a number of 
large indyctance coils. The principle of the 
method by means of which the light is ob- 
tained does not appear to differ from that 
usually employed in the operation of Geiss- 
ler tubes yith an induction coil, the differ- 
ence lying in the fact that in one case the 
contact points are in the open air and the 
other in a vacuum, An advantage follows 
from the latter disposition, however, owing 
to the quicker extinguishment of the spark 
at break, which results in a larger E. M.F. 
at the tubes than could be obtained with an 
ordinary induction coil of the dimensions of 
the vacuum break apparatus. 


eee 
Twenty Years’ Progress in Telephony. = 


BY S. G. M’MEEN. 

Generally speaking, a multiple exchange 
switchboard is simply this: Each line enters 
the central offee switchboard, and at inter- 
vals of about six feet, which is found to be 
about the maximum mechanical reach of any 
operator right and left, that line appears at a 


*Paper read before the Chicago Electrical Associa- 
tion, Mar. 6, 1596. Coneluded from page 98 of Elec- 
trical Industries, 
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spring-jack. Three operators may be seated 
before the switchboard within this space of 
six feet. Tracing further the passage of 
such a line through a large switchboard, 
we find it reappearing at a spring-jack as 
many times as there are sections of a switch- 
board six feet in length. Each line is pro- 
vided in a suitable manner with an annuncia- 
tor as in the forms of switchboard having no 
such multiplication of spring-jacks. This 
annunciator is not multiplied in number, 
there being but one for each line. The an- 
nunciators are grouped together and a cer- 
tain number (50 to 100), is attended by each 
operator. 

It is to be borne in mind that the sole ob- 
ject of such an arrangement of circuits in a 
telephone central office is to place all the 
lines of such an exchange within easy reach 
for connection, of every operator, while giv- 
ing to each of the necessary operators a lim- 
ited number of lines from which to take 
orders and for which to make connections. 
In order that one operator receiving a call 
for a given line may not connect the calling 
subscriber with that line while it is in use 
for conversation, it is necessary to provide 
some means by which she may know 
whether or not the line called for is already 
in use or “busy.” Many devices of great 
ingenuity have been produced for this pur- 
pose, but that which has been found most 
satisfactory is an arrangement of one form 
or another whereby the operator desiring 
such connection may simply touch the tip of 
the connecting plug, which she is about to 
insert into the spring-jack of a given line, to 
the metal of the spring-jack before so doing. 
If this line is engaged for conversation, this 
operator will hear in the telephone receiver, 
which she continually wears, a click, known 
in the language of the craft as a “ busy test.” 
In the absence of such * busy test” she will 
make the connection and call the subscriber 
in the usual manner. 

Considering the matter of station equip- 
ment and central office apparatus as suff- 
ciently described for the present, attention 
must be given to an equally vital portion of 
the telephone plant, viz., the line. When it 
is recalled that the only electrical circuits 
for transmission of any character, existent at 
the date of the first telephone exchange, were 
telegraphic, and that for such purposes single 
grounded iron wires were then exclusively 
used, itis not to be wondered at that just 
such circuits were adopted for telephonic 
service as well. For limited distances the 
availability of such circuits was in a large 
degree satisfactory. With the multiplica- 
tion of subscribers’ lines, however, it was 
soon found difficult to carry these single, 
open aerial wires in sightly and secure 
manner upon aerial supports, and to bring 
them conveniently in to central office. Re- 
course was then had to aerial cables contain- 
ing a large number of conductors. With the 
existence of this method of circuit distribu- 
tion came disturbances from ‘‘ cross talk,” 
this term being applied to induction inter- 
ferences from various causes between nar- 
rowly separated circuits. 

With the advent of the street railway, ex- 
traneous disturbances were greatly magnified, 
and in many cities the greater portion of the 
entire exchange rendered practically inop- 
erative. When it is remembered that the 
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earth itself largely forms a return for such 
street railway systems As are to-day in oper- 
ation, and that wide differences of potential 
exist between the center and the outskirts of 
any town having such traffic conditions, it 
will be readily understood why the one sys- 
tem disturbs the other. Asa means of es- 
cape from these evils without excessive ex- 
pense in construction, recourse was had to 
common return wires. By this is meant a 
return circuit of low resistance for each gen- 
eral route of conductor distribution, to which 
the former ground wires of the various lines 
are attached after leaving the subscribers’ 
instruments. At the central office these con- 
ductors are united together and substifuted 
for the former actual earth connections. 
The entire plant is thus freed from ground 
connection at any point. The common re- 
turn wire, however, has not been found a 
complete panacea for all telephonic evils, 
cross talk due to proximity of wires remain- 
ing unchanged. This character of disturb- 
ance is due alinost wholly to the electrostatic 
capacity of the conductors, their mutual 
action upon each other electro-maynetically 
having little bearing upon the case. That is 
to say, if for a few hundred feet of cable 
length the capacity of the two conductors 
be mutually low and their conductivities 
high, there will be mutually little disturbance. 
If, however, the capacities be large, the con- 
ductivities remaining permanent, the mutual 
disturbances may be so great as to prohibit 
an undisturbed use of both at the same time 
for conversation. The same difficulty has 
been experienced upon long, open, aerial 
wires, the additional length making up for 
the diminished disturbance due to greater 
separation. 

In exchange circuits exclusively, by reason 
of their being limited to but a few miles, 
noises due to atmospheric electricity are not 
marked, whether those circuits be grounded 
or otherwise. In interurban communication, 
howe€er, requiring lines of many miles in 
length, electrostatic disturbances from at- 
mospheric causes are very pronounced. The 
character of these disturbances is very pecu- 
liar and has served not only to seriously dis- 
turb attempted conversation over long dis- 
tances, but has formed a topic for study and 
investigation of no small importance. It is 
quite likely that future investigations of at- 
mospheric conditions for purely scientific 
purposes may be greatly aided by these phe- 
nomena, but they have so far been a pro- 
nounced cause of unsatisfactory telephonic 
comnuiunication. 

We see, therefore, that in the province of 
telephone line interferences there are three 
necessities demanding cure: First, mutual 
conflict between telephone circuits; second, 
mutual conflict between telephone and other 
electrical circuits; and, third, disturbances 
from natural causes. There are in existence 
devices intended for application to the tine 
without changing its form, which have been 
the result of great thought and ingenuity, 
and have, 1n greater or less measure, accom- 
plished their object. In no single instance, 
however, has a result of high order been 
achieved, and none except at a loss of value 
Im transmission. 

Over ten vears ago, however, attention was 
turned to the improvement of the condition 
of the line itself, and the result, generally 
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speaking, has been the production of a 
method of construction providing a high 
grade telephonic circuit. In brief, this re- 
sult was arrived at by providing a metallic 
circuit of two wires with no earth connec- 
tion. It is essential for the construction of 
such a circuit to provide the two conductors 
with exactly the same resistance, capacity 
and insulation, and with the nearest ap- 
proach to the same physical condition for 
each wire. Placing the wires very close to- 
gether in such a cireuit assists in eliminat- 
ing disturbances from outside causes, but in- 
creases the mutual capacity from wire to 
wire. In practice, it is found that two wires 
of any length, both of the same material and 
size, will produce a circuit almost wholly 
free from atmospheric disturbances and those 
due to reasonable distant circuits. carrying 
heavy currents. Two stich circuits, however, 
unless an additional precaution be taken, 
will seriously mutually interfere. A system 
of mutual transposition of the two wires of 
a circuit as to mechanical position has there- 
fore been devised, having for its purpose the 
elimination of this metal interference. 

It is possible, by means of these precan- 
tions, to erect upon a given structure any de- 
sired number of separate and distinct me- 
tallic circuits entirely free from mutual and 


. ` 
external disturbances of any character. It 


is possible over such circuits to carry on as 
satisfactory conversation as can be held be- 
tween two individuals, face to face, under the 
most advantageous conditions. It is possible 
by means of a reasonably simple system of 
auxiliary apparatus to carry on one circuit in 
addition to an ordinary speech conversation, 
two separate and distinct conversations by 
Morse telegraphy at the same time, making 
simultaneous telegraphy and telepliony overa 
single circuit entirely feasible commercially. 
There is not the slightest reason to doubt 
that conversation between San Francisco and 
Boston will soon be accomplished. 
Considering for a moment the physical 
character, from an engineering standpoint, 
of the New York-Chicago circuit, it may be 
stated that the supports are generally thirty- 
five feet in height, the conductors, of 
hard-drawn copper No. 8 B. W. G. .165 
in. diameter, having a capacity of a little 
over .015 microfarad per mile each to earth. 


The capacity from wire to wire, which is 


the important characteristic in considering 
speech carrying power, is about sixty per 
cent of the capacity of one wire to earth, or 
.oog microfarad per mile of circuit. Roughly 
speaking, the resistance per mile of wire of 
this gauge is two ohms, making the resist- 
ance of the New York-Clicago circuit 4ooo 
ohms, and the capacity from wire to wire 
nine microfarads. 

The range of frequencies of the currents 
used in speech transmission correspond, of 
course, to the frequencies of the actual vocal 
waves, varying between 120 and 600 per 
second. With these frequencies and the 
functions above mentioned, five parts in 
1000, or one-half of one per cent of the origi- 
nal currents become effective at the receiv- 
ing end. The amount, however, is sufficient 
to produce a volume of tone not noticeably 
less than that received over much shorter 
lengths of line. So that in this branch of 
the electrical transmission the variables take 
some what unusual values. 
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The Electric Light Association of Pennsyl. 
vania. The annual meeting of the Electric 
Light Association of Pennsylvania was held 
at Harrisburg, Apr. 9, 1896, with an attend- 
ance the largest in the history of the Asso- 
ciation, much interest in its work ‘and:plans 
being shown by those present and in letters 
received from others. The desires of the 
different companies for data regarding the 
operation of other plants to aid them in 
making comparisons with their own plant 
were recognized, and uniform blanks were 
adopted for the compilation of such informa- 
tion, the data to be at the disposal of mem- 
bers of the Association; inall other respects 
to be considered as co::fidential. The ques- 
tion of future legislation was referred to.a 
committee, to be appointed by the president; 
the president to be chairman of' such com- 
mittee and to have power to select assistance 
as he may deem advisable, with instructions 
to draft such bills as may be thought neces- 
sary for the proper protection of lighting 
interests throughout the state; such bills, 
when drafted, to be reported and passed on 
by the Association at a special meeting to be 
called for the purpose. The following offi- 
cers were unanimously elected to serve one 
year: president, Robt. E. Wright, of Aten- 
town; vice-president, P. B. Shaw, of Wil- 
liamsport; treasurer, R. D. McGonnigle, of 
Pittsburgh; secretary, John R. Wheeler, of 
Pittsburgh; executive board, A. J. DeCamp, 
of Philadelphia; Henry Clay, of Philadelphia; 
John A. Rigg, of Reading; C. A. Wolle, of 
Bethlehem, and John S. Rilling, of Erie. 
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Annuali Report of the General Electric Com- 
pany. ‘The fourth annual report of the Gen- 
eral Electric Company shows that the gross 
earnings for the past vear amounted to 
$13,315,667, upon which there was a gross prof- 
it of $1,555,810.04. The sales during 1895 were 
less than ten per cent greater than the pre- 
vious year, though the output increased more 
than thirty per cent, due to decreased prices 
received for goods. The gross earnings were 
$52,056 greater than in 15894. The amount 
of profits available after paying interest on 
debentures was $1,388,967, an increase of 
¥y1,$03 over the previous year. Of this 
$511,321.97 were applied to writing off pat- 
ents, franchises, factory plants and other 
real estate, leaving $877,645 to reduce the 
deficit of previous vears, which still remains 
$13.917,071.48 on gross liabilities of $43.963,- 
069.43. Among the assets, patents and fran- 
chises are carried at $8,000,000, factory plants 
at $3,468,002, stocks and bonds at $5,479,- 
332.23, notes and bills receivable at $6,584,- 
123.30, cash at $961,386.38, and work in pro- 
gress at §4,219,883.63. The liabilities are 
$30,460,000 in common stock, $4,252,000 in 
preferred stock, $5,750,000 in bonds, and 
$501,069.43 in accrued interest on bonds and 
bills payable. The sales department reports 
104,000 separate orders during the past year 
from over 10,000 customers, or an average of 
about 350 per day. The manufacturing de- 
partment reports that the capacity of the 
company’s various plants was increased at 
least twenty-five per cent during last year. 
The output was 380,000 k. w. (509,000 h. p.), 
and no less than 60,000 h. p. of apparatus 
were supplied or ordered for water power 
electrical transmission plants. 
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Nowhere does the saying, ‘‘ The proof of 
the pudding lies in the eating ” apply with 
greater force than in the judgment of a new 
aspirant in the field of journalism. Exam- 
ples are so frequent of journals instituted to 
supply ‘‘ widely felt needs ” that subsequent- 
ly are found not to exist; of publications to 
be conducted on new plans unhappily soon 
demonstrated to be mere theories; of period- 
icals designed to serve classes neglected in 
the past, but who ungratefully refuse to 
succumb to the blandishments of the new 
comer. In short, journalistic realization too 
often is so widely short of promise, that 
editorial salutatories are apt to meet with but 
languid interest from the public, or be re- 
garded as somewhat akin to recitals of the 


sanguine expectations of youth on the eve 
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In def- 


erence, however, to time honored custom we 


of entering the work-a-day world. 


will here briefly outline the plan and pur- 
pose of this journal as issued in its present 


form. 


The purpose of the AMERICAN ELECTRI- 
CIAN will be primarily to supply practical 
information for practical men, and also to 
put before electrical readers in general, in- 
formation regarding the latest electrical ad- 
vances in such form and in language so 
simple that all may understand without nec- 
essarily having previous knowledge on the 
subject treated. ‘To thisend no mathematics 
will be employed, and purely scientific 
forms of expressions will be avoided. This, 
it should be added, does not mean, as the 
example of some practical journals might 
imply, that all sorts of odds and ends will 
be printed whose sole qualification is that 
they are easily read, or that our columns 
will be delivered over to the verbose class 
of writing which consists merely in the 
stringing together of platitudes, or in the 
lengthy discussion of points whose bearing 
could not be mistaken. On the contrary, 
all matter admitted to our pages will be as 
carefully and as conscientiously selected or 
prepared as if it were to come under the eyes 
of the most severely critical audience; and, 
though simply expressed and practical in its 
bearing, it will nevertheless be scientifically 
correct. The articles in the several practical 
Cepartments will be prepared, not by those 
having merely the knack of writing on practi- 
cal subjects with which they have really but 
slight acquaintance, but by men of thorough 
practical experience, whose technical opin- 


ions carry weight in their daily life. 


Among the special features, aside from the 
purely practical departments referred to in 
detail later, will be the treatment of alternat- 
ing currents, of new developments in electri- 
cal science, and of subjects of timely im- 
portance. The subject of alternating cur- 
rents is yearly becoming of more impor- 


tance, and in these pages that branch will be 


given a prominence in accordance with its 


increasing claims on the attention of practi- 
cal men. Heretofore the literature relating 
to alternating currents has been almost ex- 
clusively highly mathematical or purely 
scientific in its character, but, as we hope 
may be demonstrated in our columns, there 
is no real reason why the subject should not 
be brought within easy reach of practical 
men, even in its more complicated aspects. 
The consideration as they occur, of new 
developments in electrical science and the 
discussion of other current subjects of inter- 
est, in the form of articles from authoritative 
sources, will, we believe, be features much 


appreciated. Such articles, which will also 
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be simply written, should enable our readers 
to gauge the probable effect of new discov- 
eries on current practice, as well as place 
them in the van of electrical progress in 
general. Every number will also contain 
several articles of no less interest to the 


general than to the technical reader. 


The plan of treatment in the lessons on 
practical electricity will differ somewhat 
from the usual one followed. Little or no 
attention will be paid to such subjects as 
static electricity, and text book illustrations 
The 


principles of alternating currents will be so 


will be conspicuous by their absence. 


developed in connection with those of con- 
tinuous currents, as to impart a knowledge 
of both at the same time, and thus avoid 
creating an impression that the latter is so 
widely separated from, and so much more 
The depart- 


ment of queries will receive careful attention, 


mysterious than, the other. 


and readers are requested not to hesitate to 
The 


catechism, which has met with such wide 


avail themselves of its advantages. 


appreciation in the past, will be continued, 
and inthe department of ‘‘ New Appliances "’ 
the articles will be confined to clear and con- 
cise descriptions of the devices or apparatus 
illustrated without the usual accompaniment 


of extraneous matter. 


The distinctively practical portion of the 
journal will comprise a number of subjects. 
Articles on the operation of the dynamos in 
lighting, railway and isolated plants, the care 
and management of boilers and engines, the 
repair of apparatus, the detection and remedy 
of faults, etc., will form one of the most 
important features, and enter into møch de- 
tail. 
will form an important contribution to a 


A series of articles on house wiring 


branch of electrical work that has received 
but little attention in print. Practicał hints, 
kinks and expedients will form the subject of 
articles or notes; contributions to this de- 
partment will be particularly welcomed from 
our readers, as with their aid it can be made 
one of great usefulness. As the steam en- 
gine is of prime importance in the general 
tion of electrical energy, much attention will 
be paid to that subject; in this number a 
series of articles is begun which will, in turn, 
take up the various points necessary for an 
intelligent understanding of its principles. 
While the several practical departments will 
be conducted continuously from month to 
month, the endeavor will be to have each 
installment complete, in a sense, in itself, 
though connected to the preceding and suc- 
ceeding one in logical order, and having a 
definite part in a general plan of develop- 


ment of the subject treated. 


Finally, as to limitation of scope. Believ- 


ing that the purely scientific branches of 
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electricity and the more strictly technical 
side of electrical applications are already well 
cared for by several excellent journals now 
in the field, and, moreover, that the weekly 
electrical periodicals also thoroughly cover 
current news matters, the scope of the 
AMERICAN ELECTRICIAN will not extend in 
any of these directions. Consequently, we 
believe we may be congratulated upon oc- 
cupying the enviable position of having 
few, if any, interests to clash with those 
of our esteemed contemporaries, with whom 
it will always be our desire to maintain the 
most friendly relations. . 


<o 
The National Electrical Exhibition. 

The industrial shows held in New York 
City usually merely appeal to a local audi- 
ence, but the National Electrical Exhibition 
opened in that city May 4, does not belie its 
name. Its close relations with the National 
Flectric Light Association during the annual 
convention of that body, as well as the ex- 
tent and broad scope of the exhibits in- 
stalled, make it representative of the electri- 
While 
some familiar names are missed from the list 


cal industry in a national sense. 


of firms exhibiting, they are rather those of 
supply houses from distant cities than manu- 


facturing firms. 


While the very complete and well arranged 
trade exhibits are well worth making a trip 
half across the continent to see, greatest in- 
terest centers in the remarkable historicai 
collections that have been here brought to- 
gether and admirably classified, and in the 
superb Rontgen working exhibit of Edison 
and that of the ‘‘ Practical Electrical Engi- 
neering Laboratory.” Even were the ex- 
hibition a local show, all connected with 
electrical science and its practical applica- 
tions would be gratified with the brilliant 
success it has thus far achieved. The ex- 
ecutive officers of the exhibition, President 
H. J. Smith, Secretary Geo. F. Porter and 
General Manager C. E. Stump, as well as 
the other gentlemen connected with the 
enterprise, are to be congratulated upon a 
success reflecting credit both upon them- 


. selves and the electrical profession in general. 
eo 
The National Electric Light Convention. 

The nineteenth annual convention of the 
National Electric Light Association, though 
its sessions were not so well attended as 
usual, was nevertheless a successful one. 
The papers, of which we publish abstracts 
elsewhere, were well up to the standard, par- 
ticularly those read by Messrs. Kelly, Emmet 
and Rodgers. 


nating currents, both in papers and discus- 


The attention given to alter- 


sion, was greater than at any previous con- 
vention, thus emphasizing the rapidly grow- 
ing importance of this branch. 
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Two actions of the convention give prom- 
ise of valuable results in the future—the ap- 
pointment of a committee to co-operate with 
the American Institute of Electrical Engin- 
eers in the determination of a standard of 
light, and the authorization of the employ- 
ment of an expert to report upon the cost of 
operation of central stations. The present 
condition with respect to determining candle 
power is extremeły unsatisfactory, and it is 
high time that something is done to place 
this very important matter on a satisfactory 
basis. We believe, however, that the ques- 
tion is a broader one than merely the deter- 
mination of a standard of light and arrang- 
ing for the standardization of secondaries. 
To obtain comparable results from measure- 
ments, the programme should also include 
the adoption of a specific form of photometer 
and of a standard and rigorous code of rules 


regulating its use. 


The adoption of the recommendation of 
of Mr. Swetland that an expert be employed 
to report upon the actual cost of operation in 
selected stations of different types, was per- 
haps the most important action taken by the 
convention. Notwithstanding the arduous 
and conscientious labors of the Committee 
on Data, its reports have had little value 
on account of the glaring discrepancies in 
the data furnished. This naturally follows 
from the complex nature of the case and the 
various constructions applied by different 
managers in estimating cost of operation, 
which determination, in fact, is one almost 


necessarily calling for expert knowledge. 
EEE Oe ek eae 
Polyphased Currents. 

From many inquiries received it is evident 
that a wide misapprehension exists as to the 
nature of polyphased currents. In a letter 
before us, for instance, a correspondent asks 
for an explanation of the ‘‘ flow of multiple 
currents in a wire,” which phenomenon he 
frankly confesses is beyond his comprehen- 
sion—and beyond that of any one else, it may 
be added. The prevailing misapprehension on 
this subject is doubtless almost entirely due 
to the loose way in which those who know 
better speak of polyphased currents in the 
singular, and in their misapplication of the 
word ‘‘phase.’’ The expression, ‘‘a two- 
phase current,’’ and references to a part of a 
polyphased circuit as ‘‘one of its phases,” 
are constantly employed, to the very natural 
mystification of the uninitiated. 


Polyphased currents are two or more sepa- 
rate and distinct currents not differing in 
any way from the current derived from an 
Their 


peculiarity lies, not in the nature of the cur- 


te ?39 


ordinary ‘“‘ single phase ’’ alternator. 


rents themselves, but in the fact that they 


have different strengths at a given in- 


stant of time. In the two phased system, 
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for instance, when one of the currents is at 
zero value, the other has its maximum value, 
or the currents are displaced 7 phase,whence 
the expression, two-phased. 1f two identi- 
cal simple alternators have their armature 
shafts coupled in such a manner, that when 
a given armature coil on one is directly 
under a field pole, the corresponding coil 
on the other is midway between two poles 


of its field, the two currents generated will 


‘differ in phase by a half-alternation, and 


will be two phased currents; similarly, three 
phased currents could be generated by coupl- 
ing the armatures of three simple alterna- 
tors so that the corresponding coils on each 


Yous 


are equally ‘‘staggerea’’ with respect to each 


other. In point of fact, the above would 
be the ideal way of generating two and three 
phased currents. When the two windings, 
in the case of the former, or the three wind- 
ings, in the case of the latter, are combined 
on a single armature witha single field, com- 
pounding for differences in load cannot be 
applied unless the several circuits are equally 
loaded, since the, proper amount of com- 
pounding for one circuit might be too great 
forthe other. The two currents of the two 
phased system have usually separate circuits, 
either of which is therefore a “single phase” 
circuit in itself. When three wires are used, 
the third wire merely corresponds to the 
common return of a continuous current cir- 
cuit. Inthe three phased system it happens 
that the relative variation of the currents is 
such, that each wire alternately acts as a 
“return” for the other two, so that there are 


three circuits with but three wires. 


It is only at the receiving apparatus that 
the valuable properties of polyphased cur- 
rents are developed. In a four pole, two 
phased motor, for instance, one pair of oppo- 
site poles supplied with one of the two cur- 
rents has its maximum strength when the 
other pair, supplied with the other current, 
has no polarity. On the other hand,the latter 
has then the greatest inducing power on the 
closed coil armature and the former the 
least. The consequence is that the second 
pair acts as the primary of a transformer, in- 
ducing in the closed coils of the armature 
a strong current; this current in passing 
under the first pair of poles develops a 
strong turning moment, exactly as in the 
case of a continuous current motor. In other 
words, while one-half of the field of a two 
phased motor is acting as part of a trans- 
former, of which the armature is the 
secondary, the other half of the field is 
acting on the armature current, thereby 
producing motion as in a continuous current 
motor, The action of a multipolar two 
phased motor, or of a three phased motor 


may be similarly explained, 
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A Röntgen Ray Outfit— I. 


THE INDUCTION COIL. 


The induction coil whose construction is 
here described, is capable of giving a three- 
inch spark when energized from six or seven 
one quart bichromate cells or their equiva- 
lent, and is of sufficient capacity for experi- 
ments with Rontgen rays. The general 
principles of induction coils will not be con- 
sidered, this article being confined to con- 
structional dimensions, precautions and 
methods alone. 

It will pay the person who attempts to 
make this coil, to go to relatively consider- 
able trouble and expense in making the 
secondary or fine wire portion, for if this is 
well made, the working of the coil is assured. 
Tothisend, securea hard rubber tube twelve 
inches long. Be sure the tube is of rubber, 
for there are many inferior substances that 
are used in making some hard rubber tubes 
(?) employed in electric construction. The 
tube should be 13% ins. in diameter; h 
in. is a good thickness, and the tube should, 
if possible, be reamed out to this dimension. 
’ Provide six pieces of hard rubber each six 


FIG. I. 


inches square as follows: Two of one-half 
inch thickness and four of one-quarter inch 
thickness, the latter being used to separate 
the five sections into which the secondary 
coil will be divided. Drill a hole in the cen- 
ter of each so that the hard rubber tube will 
snugly fit therein. Polish the edges of these 
pieces and the support for the secondary coil 
is complete. 

Prepare a clamp spool as follows (see Fig. 
1.): Upon a bolt with a long threaded por- 
tion mount a two inch cube of wood, by bor- 
ing a hole through the middle of two oppo- 
site faces and jamming it upon the bolt 
with two nuts. Center the bolt and ina 
wood lathe turn down the cube to an inch 
and three-quarter cylinder. It may be nec- 


essary to true up the sides, and if the hole can. 


not be readily bored exactly straight, it would 
be well to allow some stock for this purpose 
so that the finished length of the cylinder will 
be two inches. Two pieces of board should 
now be mounted in with the cylinder, and 
turned up to two six-inch disks, as shown in 
Fig. 1. The clamp spool is now complete 
and ready to receive the wire. 

The wire for the secondary coil should be 
No. 36 B & S gauge, and single white-cotton 
covered. Colored wire is to be avoided. A 
little over six pounds will be needed. Coils 
have been frequently made with the very ex- 
pensive double silk covered wires, but the ad- 
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vantage gained is almost negligible. If 
proper precautions are taken, there will be 
no difficulty in producing a coil with the 
cotton covered wire fully as efficient as if it 
were wound with silk. As the ratio of the 
costs of these two wires 1s about four to one, 
it will pay to use the cheaper wire and take 
more pains in winding. 

To begin with, wind a white strip of two- 


FIG. 2. FIG. 3. 
inch paper several times around the spool 
and start the winding upon this paper. The 
paper should be of six thicknesses for the 
end bobbins, four layers thick for the next 
bobbin and two layers thick for the middle 
bobbin. In winding these coils there is 
nothing more annoying than to have an end 
break off close to the bobbin, for it is not al- 
ways easy to recover it. To provide against 
this contingency always make the terminals 


of a delicate wire consist of several wires | 


twisted together. 

The apparatus for winding consists simply 
of two wooden bearings, in which the bolt 
supporting the clamp spool is turned by 
means of a hand crank at one end. This is 
preferable to any lathe, as the speed is under 
perfect control, a necessity with delicate 
wire. 

Begin to wind at a distance of at least 44 in. 
from the edge of the paper, and stop the 
layer at a similar distance from the other 
side. (See Fig. 3.) This is a point where 
many amateurs fail. In their eagerness to 
get on all the wire that is possible, they wind 
clear across, taking no heed of the fact that 
the hability of the discharge to jump from 
layer to layer is very great. By winding all 
the layers as directed, the discharge will 
either have to break down the insulation be- 
tween layers, or travel % in. around, and 
both of these contingencies are improbable. 
The material between tle layers is ordinary 
white paper. Paper without sizing is prefer- 
able, and should be cut into strips two inches 
wide and sufficient length to go at least twice 
around. the coil, since the strips will in- 
crease in length as the winding progresses. 
They should be wound into position as shown 


in Fig. 2. Watch the wire for kinks and 
breaks as it goes on, and stop and examine 
every suspicious place. All joints should be 
soldered. 

As the winding proceeds the wire should 
be tested for continuity at the completion of 
every layer. The inner end of the coil 
should be connected to the bolt on the clamp 
spool and by means of a spring clip pressing 
against this bolt contact may be made there- 
with. A battery in series with a high resist- 
ance galvanoscope should be connected from 
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this clip to the fine wire when it is desired to 
test. The insulation of the wire may be 
scraped a little at the end of each layer for 
this purpose. The continuity of the wire 
will be evidenced by the throw of the galvan- 
oscope. A good galvanoscope for this pur- 
pose may be made by winding about a one 
inch square piece of inch board a few ounces 
of No. 36 B. & S. wire, and placing a pocket 
compass upon the board so prepared, arrang- 
ing the two sothat the needle of the compass 
is normally parallel to the wire. (See Fig. 4. ) 
Of course, as the winding proceeds the throw 


Pof the galvanoscope becomes less and less 


owing to the increased resistance of the coil, 
but the absence of any throw indicates a 
break in the wire. Detected thus early, the 
fault may be easily found and remedied. 

In winding an induction coil of this kind, 
a loose bobbin is preferable to a tight one, 
although in all other electrical windings the 
reverse is the case. This is because when the 
finished bobbin is boiled in paraffine wax, the 
wax will thus be able to readily reach the in- 
most parts of the bobbin. The wax is what 
is relied on for insulation, the cotton on the 
wire and the unsized paper acting simply as 
a body to support the paraffine about the wire. 
When saturated with paraffine, cotton fairly 
rivals silk as an insulator. 

The coils should be wound exactly alike, 
and care taken that the terminals come on 
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opposite sides of the bobbin. This will prove 
of great convenience in subsequent connec- 
tion. Each coil should be wound to a diam- 
eter of five inches. 

As has been just stated, the coils are to be 
boiled in paraffine wax. To do this, melt the 
paraffine in a pressed tin pan. Should you 
use one with a soldered bottom you might 
have cause to regret your choice. Heat the 
paraffine till it almost boils and lay the coil in 
the pan on its side. There should be enough 
paraffine to completely submerge the coil. 
Presently you will notice bubbles emerging 
from between the layers of wire on the upper 
side of the coil. These are. of course, driven 
out before the rising paraffine, and their exit 
should be facilitated as much as possible by 
jarring the coil. After the coil has become 
thoroughly saturated on one side, reverse 
it and allow it to remain for a while on the 
other side, in order to release any air between 
the layers that may have caught in pockets 
in the structure of the coil. The bobbin 
should remain in the hot paraffine at least 
one hour. 

When ready to remove the coil from the 
wax, take the pan from the source of heat 
and allow it to cool till the wax has attained 
the consistency of mush. The bobbin may 
then be removed, and should be pressed flat- 
wise between glass plates by means of a 
weight. This method produces a coil that is 
solid wire, paper and paraffine. If the bobbin 
were withdrawn from the paraffine when the 
latter was nearly at the boiling point, it 
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would largely drain off and the interstices of 
the coil would be filled with undesirable air 
spaces. 

Having prepared all the five coils, they 
are ready to assemble on their mounting, and 
this should be done at once. Cement the 
end of the long hard rubber tube into one of 
the % in. thick squares, and slip on one of 
the coils, having the outside end first. Drill 
one of the }{ in. partition squares so that the 
inside end of the coil already on the tube can 
be conveniently reeved through, and slip on 
the next coil, inside end first. Connect the in- 


side ends of the two coils together by a sol- 


dered joint, and slip on the next % in. square. 
The outside ends of the next two coils are con- 
nected, and so proceed. The advantage of this 
method of winding and connecting will at 
once be apparent. If the coils had all been 
slipped on in the same order, they would have 
been connected as in Fig. 5. The connecting 
wire, a6, from the interior of one coil to the 
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The outer hard rubber square is now to 
be securely cemented on and all the squares 
lined up. A base should now be constructed 
as shown in Fig. 6, and the coil securely 
screwed in place as indicated. The base 
may be of any nice looking wood that the 
maker may fancy. 

_Having screwed the coil in place, provide 
two pieces of hard rubber ,), in. thick and 
6 ins. X 12 ins. in lateral dimensions. Screw 
these to the sides of the dividing and end 
squares, thus making a rectangular box with 
five compartments, in each of which is a 
bobbin. Fill each of these compartinents 
with boiling paraffine and close the top of the 
box with a piece of 6% in. X 12 in. hard 
rubber screwed into position. If round head 
brass screws accurately spaced are used, the 
work will appear very tasteful; and if the 
other directions have been carefully followed 
the coil will have an insulation which it will 
be almost impossible to break down. Two 
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exterior of another passes within \{ in. of 
layers which in air could discharge a spark 
to it at least 2 in. long. This would severely 
strain, and probably break down, the insula- 
tion. At the end connection of the coils, 
when built as directed, there is a similar dif- 
ficulty which could have been avoided by 
using one more section. However the more 
sections, the greater the difficulty in wind- 
ing them, and the less wire there can be put 
on because of the 1 in. margin that it is ad- 
visable to employ and of the extra \ in. 
partition. Moreover, in this case the ter- 
minal can be safely brought out with a little 
care, as there is no adjacent bobbin to avoid. 
To do this, drill a hole through the edge of 
the two inch end piece as shown in Fig. 7, 
and as near the outer surface as possible. 
Through this hole reeve a flexible connector 
formed of several wires and thoroughly 
soaked in hot parafhne. This connector, of 
course, is joined to the inner end of the last 
coil, 


small binding posts should be screwed cen- 
trally on the top of the end pieces, and with 
the proper connections made to the two ter- 
minals the most difficult part of the coil is 
complete. We have now to take up the 
primary coil and remaining details. 

In designing secondaries for induction 
coils maxima are aimed at. General propor- 
tions, known to be good through calculation 
or otherwise, are selected and the secondary 
is then wound with the finest wire and the 
greatest number of turns practicable. The 
object of the fine wire is to enable the large 
number of turns to be put on in small com- 
pass. Fineness of wire in itself is rather a dis- 
advantage than otherwise, owing to its high 
resistance, but in this case the secondary 
voltage will be so great and the current forced 
through so small that the internal resistance 
cuts no figure. The secondary coil surrounds 
a core in which there is a rapidly varying 
magnetic flux due to the primary coil. One 
turn of the secondary surrounding this is 


at 


nearly as efficient as another in producing 
voltage, the difference being in favor of the 
inner turns. 

In designing the primary coil, little heed 
need usually be paid to heating effects, as 
the current ordinarily is on during but short 
periods at atime. Were it not for this fact it 
would require to be carefully 
designed and ventilated. It 
is necessary, however, to 
take account, in choosing 
the size of wire, of the 

source of power 
/ to be employed 
in energizing the 
primary coil. The 
energizing power 
of the primary 
coil is directly in 
proportion to its 
volume,and what- 
can be found to — 
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ever voltage used a wire 
work with it successfully. 

We have purposely made the secondary so 
that the primary is readily removable and 
two primaries will now be designed, one for 
battery currents and another suitable for con- 
nection to a 110-volt lighting service. Either 
may be substituted at will, an advantage 
readily apparent. With batteries, the size 
of the primary wire may have quite a wide 
range as the batteries can usually be grouped 
to suit, but with dynamo currents one and 
only one size of wire is most suitable. 

To provide mounts for the primary coils, 
secure a hard rubber or, better, a pressed 
fibre tube, 1 ins. in external diameter and 
as thin as possible. If neither of these ma- 
terials is available, an insulating tube may 
be made of thin paper wound around a stick 
and secured into shape with glue. Soap the 
layer next the stick to facilitate removal. 
The tube should be 12 ins. long and on 
either end should be mounted a circular 
wooden or hard rubber collar, % in. thick. 
The external diameter of this collar should 
be’such that it will slip into the secondary 
spool without binding. 

Drill a small hole in one of the collars near 
the tube, run the primary wire through this 
hole and proceed to wind it on. Double 
cotton covered wire is to be used. The size 
of wire suitable for use with batteries is No. 
16 B.&S. About 13% Ibs. will be required 
and it should be wound two layers deep clear 
across the spool. No insulating layers will 
be needed between wires, but the finished 
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spool may be soaked in paraffine to exclude 
moisture. 

An annoying feature of coils wound with 
coarse wire is their tendency to immediately 
unwind the inoment that the outer end is 
released. To prevent this, wind in a few 
strands of stout linen thread as shown in Fig. 
8, When the last turn is in place, the thread 
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may be pulled about it and thus secure it in 
place. 

_For the coil for a 110-volt current, such as 
may be obtained from an incandescent light- 
ing circuit, No. 24 B. & S. wire should be 
used. About 13% Ibs. will be necessary and 
six layers should be wound on with thin 
paper between them. The whole bobbin 
should then be soaked in paraffine. This 
primary coil requires a special arrangement 
for breaking circuit. 

The brass work of the coil comes next. 
Binding posts it will be necessary to buy. 
Four will be necessary; of these, two small 
ones, as previously indicated, are for the 
secondary terminals and to be mounted on 
the end disks or squares of the coil. The 
other two posts form the battery terminal and 
are shown at I and 2 in Fig. 6. 

It is convenient to provide all induction 
coils with a reversing switch, although this 
is not absolutely necessary. By means of it 
the primary current can be made, broken, 
and sent in either direction through the 
primary coil. This reversing switch may be 
conveniently made by procuring a double 
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heavier current, provided all other things 
are equal. For this reason also, the second 
primary coil described for use with high 
voltages requires a special interrupter, which 
is rather complicated, and will be accorded a 
special discussion in another article. 

It follows that the interrupter for the 
coarse coil should be made with special 
care. Referring to Fig. 6, a flat spring of 
steel or spring brass is mounted on a brass 
base block and carries a little cylindrical 
hammer suitably arranged to beat against 
the core of fine iron wires with which the 
tube on which the primary coil is wound, 
should be filled. A right angled extension 
of aluminum wire dips into a little cup of 
mercury as shown; this cup is of cast iron 
and is threaded at its base. By simply turn- 
ing the cup in its socket it may be raised or 
lowered as may be required. The little 
button of mercury at the top of the cup is 
covered with a thin layer of very light par- 
affine oil, which frequently requires to be re- 
newed on account of carbonizing. The alu- 
minum wire, which is tipped with platinum, 
is sufficiently stiff to have no vibration period 
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pole, double throw “baby ’’ knife switch, and 
arranging asin Fig. 6. The connections are 
shown in the plan drawing. Of course, any 
double pole, double throw switch that is 
small enough to be convenient will answer. 

The circuit interrupter or rheotome is one 
of the most important parts of the whole ap- 
paratus. If we could make this part theor- 
etically perfect, the fine secondary coil that 
we have taken so much pains to procure 
would be superfluous. If our interrupter 
would break circuit zzsfantly, the electro- 
motive force at the primary terminals, as 
well as the secondary terminals, would be in- 
finite whatever their number of turns. Un- 
fortunately, this abrupt break cannot be 
accomplished, owing to what is called the self- 


inductance of the primary coil. This reac- | 


tion, for such it is, tends to force the cur- 
rent across the breaking points of the inter- 
rupter and actually succeeds in doing so for 
an appreciable length of time. This is evi- 
denced by a brilliant spark at the points of 
breaking, and many have been the attempts 
to éliminate this spark. This tendency to 
spark and prolong the break increases with 
the sguare of the number of primary turns. 
Hence the longest secondary sparks, which 
are indicative of the highest electromotive 
force, are obtained with a coarse primary 
winding of few turns and a proportionately 


of its own, and therefore moves in step with 
the hammer. To put on the platinum tip is 
a work of some difficulty. The joint cannot 
be soldered, and still good contact is required. 
The writer has found that a driving fit of the 
platinum wire into a minute hole drilled in 
the end of the aluminum wire gives excel- 
lent results. 

A small condenser in shunt with the inter- 
rupter materially reduces the primary spark 
at make-and-break by providing a by-pass 
through which the primary coil may dis- 
charge. A suitable condenser for this coil 
is made as follows: Provide 150 sheets of 
tinfoil 9 ins. X 7 ins. and an equal number 
of sheets of unruled white writing paper one 
inch larger in lateral dimensions. Arrange 
the sheets of tinfoil alternately with the 
paper, being sure that the tinfoil sheets are 
squarely centered on the sheets of paper, 
which should be thorougly soaked in paraf- 
fine. Connect the alternate sheets of tinfoil 
together by a narrow strip of the same ma- 
terial. Bring all these strips up to the top 
sheet as shown in Fig. 9. Prepare two 
boards of thin wood of the same lateral di- 
mensions as the paper, and place the pre- 
pared sheets between them. Two short 
pieces of very thin brass may be placed on 
the tops of the pile of tinfoil strips as shown, 
and will form good terminals on which to 
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solder wires. The whole may be strapped 
together with adhesive tape. The condenser 
may be conveniently installed in the base of 
the coil. It will be found convenient to 
provide screw cups on the two parts of the 
interrupter for the ready attachment of other 
condensers, and also for the convenient use 
of the coil condenser for other purposes. A 
small single pole switch may be added to 
open the condenser circuit, and will be found 
convenient. The coil, if assembled accord- 
ing to the drawings, will now be complete. 
A cross section of the induction coil complete 
is shown in Fig. 10. 


Interior Wiring. 


GENERAI, CONSIDERATIONS, 


Perhaps no electrical subject that is closely 
allied with practical application is less thor- 
oughly understood than wiring. It is not 
dificult for aman to acquire the art of 
stringing wire to lamps so that the latter will 
burn when the current is turned on; in fact, 
this acquirement often constitutes the sole 
accomplishment of many electricians, so 
called. To wire an electric lighting installa- 
tion properly, however, is a requirement that 
is worthy of careful study and complete dis- 
cussion. A good wiring installation should 
have the following attributes: 

First, it must supply the lamps with cur- 
rent, and provide appropriate means of con- 
trolling the lights. 

Second, the current must be distributed to 
the lamps at a constant pressure. That is, 
the voltage of the dynamo being constant, 
and also the number of lamps, the voltage 
from socket to socket should not vary beyond 
a certain amount. 

Third, the wiring must comply with the in- 
surance rules in force in the locality in which 
the work is done. 

Fourth, a minimum amount of copper 
must be used in the accomplishment of the 
result. 

The first requirement has to be met in any 
installation, for even the veriest layman can 
detect its lack, but the other essentials are 
too often neglected. 

The next requirement is perhaps the most 
important as far as the general excellence of 
the result isconcerned. Given a good, care- 


ful workman equipped with suitable tools, 


and materials allowed by the insurance com- 
pany taking the risk, and let him keep this 
end in view and a poor job is an impossibility. 

The third condition is usually compulsory. 

The fourth condition is obvious as a 
matter of economy. è 

The first step in laying out a wiring in- 
stallation is to secure a set of the architect’s 
ground plans, for without them plans of 
some sort will have to be drawn. This, of 
course, involves a good deal of labor that it 
is worth making a considerable effort to save. 
Having secured the plans, they should be 
carefully studied with regard to the follow- 
ing points: 

1. The area and shape of each room and 
the height of the ceiling, the nature and 
color of the decorations, if any. 

3. The use to which the room is to be put. 

4. The relative position of the room with 
regard to halls or other approaches. 

5. The various mechanical conditions 
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about the rooms, such as the way the doors 
swing, the location of chimneys, water and 
gas pipes. Conditions that at first sight 
seem trivial may exert untold influence on 
the position of the wires. 

The system is supposed to be determined 
when the contract is closed. The building 
and drawings should be carefully inspected 
with regard to whether the installation 
should be conduit wiring, moulding, cleat 
or knob work. 

The next step is the number, arrangement 
and control of the lights. Both the owner, 
and the architect, if there is one, should be 
consulted about this. The electrician can 
give good advice as to the number of lights 
to efficiently do the work and can suggest 
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the table must be used with a great deal of 
discretion. In the table ceilings are as- 
sumed to be white and the walls of some 
light color. 

The location of the lights as well as their 
number will be best determined by long ex- 
perience, but a few general hints may not 
be out of place. The primary object of 
lights in a room is to see the other objects 
therein. Therefore, the light should be 
placed in such a position as to illuminate the 
object to be seen rather than to be situated 
where it will be the cynosure of observation. 
A well arranged source of illumination re- 
quires an effort to bring it within the field 
of vision, while its rays are shed upon every 
object that it is desirable to see clearly. A 


NATURE OF ROOM. 


Offices with desks ............ccccceccccsesecescsesseesenens Be sino 
Reading rooms with tables 0.0.0.0... sesers cones 
SCOTS: isccscenad as edness cavyabaves sseesctncdasdesvicnsiug ciey shes eeebinacess 
Dance Tal Sg. vccccieassisis avec asoeassoserseornsersesevorersasesseeesre 
Halls and lobbies,................ccccccceesccecscceeescecereesens seses 
Machine shop8............ssesseseseeresseseresreenssiesoreessesesesessns 


Large town halls... usssseesersererersssssvasreesseseeseres 


Churches ......essoesesssso.sssesoessseverosoosssessessssrsosseeesosrsosaess 


their most efficient position. He can also 
suggest many beautiful special effects. In 
spite of the fact that he is usually the best 
posted as regards these matters, he must re- 
member that the architect has ideas of æs- 
thetic beauty and appropriate arrangement 
that have taken years to acquire, while the 
owner, however ignorant and ill ‘posted 
on such matters as he may be, has the 
faculty of knowing what he wants. His 
judgment must be respected as he pays 
the bills, but both the architect and 
electrician, like good salesmen, can influ- 
ence him to get the best, all things consid- 
ered, and in fact they should do so, for that 
is the service for which he has engaged 


Area. i | 
B en Diameter, | 
Gauge. Mils. Circular | uare 
| Mils (d?). Inches 
1 mil==.oo1 in. | (d2+,.7854) 
0000 460.000 2t1600.00 | 166190 | 
000 409.640 167805.00 | 131790 
oo 364.800 133079.04 104520 
o 324.860 105534.03 0% 2932 
| 1I 289.300 83694.20 065733 
2 257.630 66373.00 052130 
3 | 229.420 52633.40 041339 
| 4 | 204.310 41742.57 0327! 
5 181.940 33102.00 .025998 
6 | 162.020 26250.50 .020617 
7 144.280 208 16.70 .016349 
8 128.490 16509.00 -01 2966 
9 114.430 13094.00 .010284 
10 101.890 10381.00 .0081532 
II 90.742 8234.10 .0064670 
r2 80.808 6529.90 0051 286 
13 71.961 §178.40 004067 1 
14 64.084 4106.50 0031469 


them. A satisfactory understanding in this 
coterie of authority will avoid much subse- 
quent trouble. 

From the considerations that are the out- 
come of this discussion, the lamps can be 
placed and also the position of the switches 
controlling them. The number of the lights 
is best determined by experience and observ- 
ation of similar conditions, but for the novice 
the first of the above tables has been given, 
simply as an approximate guide, and by no 
means as a standard of reference. Existing 
conditions of decoration, color and finish, 
will largely influence the result. Therefore, 


| NO. OF SQUARE FEET PER 16C. P. 


HEIGHT. LAMP. 

see 10 feet 50, also localized near desks. 
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Pate 15‘ . 150, and localized at machines. 

sase 25 ae 120. 
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brilliant light thrust in the face of the ob- 
server at every turn contracts the pupil of 
the eye so much that difficulty is experienced 
in observing other darker objects which re- 
quire examination. Moreover, the alternate 
expansion and contraction of the iris which 
such an arrangement entails is both tire- 
somie and injurious to the eye. If the light 
is to have a decorative effect, such as in a 
theatre or place of entertainment, its position 
may be more prominent. If, however, util- 
ity only is desired, the lights should be 
placed as far above the horizon line as con- 
venient, which line is five feet from the 
floor for the average man. With these hints, 
the advice of the architect and owner and 


Weight and Length. Ohms per ooo feet. 


at 70° F. 
Current 
pets ce : Feet |conductivity allowed by 
1,000 Ft Mile. |Pound.| 97 Peret. |Und hag R 
639.33 3375-7 1.56 05077 175 
§07.01 2677.0 1.97 03 145 
402.09 2123.0 2.49 08170 120 
319.04 1684.5 3.13 10177 100 | 
252.88 1335.2 3-95 1 2828 95 
200.54 1058.8 4-99 16188 70 
159.03 839.68 6.29 20415, 60 
126.12 665.91 7-93 .25742 50 
100.01 528.05 10.00 .32401 45 
79.32 418.81 12.61 -40934 35 
62.90 332.11 15.90 -§1618 30 
49.88 263.37 20.05 .65086 25 
39.56 J 25.28 .82061 
31.37 165.63 31.38 1,03508 20 
24.88 137-37 | 40.20 1.30496 
19.73 104.18 | 50.69 1.64554 15 
15.65 82.632 | 63.91 2.07500 
12.41 65.525 | 80.59 2.61644 10 


the convictions of his own judgment, the 
student of wiring, we will suppose, can suc- 
cessfully locate the outlets, when he is then 
ready to lay out the wiring details. 

To do this properly,he must have a knowl- 
edge of the conditions as already indicated; 
he must be acquainted with electrical prop- 
erties of wires, and thoroughly conversant 
with Ohm's law. Further than this he must 
know the loss that the system is to have in 
the wiring at full load. 

The line loss or loss of energy in the wires 
is equal to the current flowing in them 
multiplied by the voltage necessary to force 
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that current through them. It is a loss of 
energy and in strictly accurate terms should 
be measured in watts. However, this loss 
becomes apparent by a loss of pressure at the 
end of the line, as the current through every 
part of the circuit remains the same. The 
brilliancy and life of an incandescent lamp 
depends directly upon the voltage to which 
its terminals are subjected; hence, a loss of 
pressure in the line is far more important to 
the wireman than the actual energy con- 
sumed therein. Therefore, line loss is al- 
ways measured in volts. 

It is customary to assume a certain line 
loss and to so calculate the wiring that the 
loss or volts drop from the dynamo to any 
lamp socket will be equal, whatever the 
conditions of load. This is never possible 
to exactly realize, but it should be aimed at as 
an ideal. 

The line loss in interior wiring is rarely 
more than five per cent of the total voltage. 
In isolated plants the dynamo may be ad- 
justed to rise in voltage the amount of the 
line loss as the load comes on, and, there- 
fore, it is theoretically possible to so wire a 
building that the voltage at any lamp will 
be absolutely constant whatever the load. 

To correctly lay out a wiring installation, 
a thorough understanding of Ohm’s law is 
necessary. It is not merely sufficient to 


remember Cas, R= and E= CR;the 


wireman must be able to intelligently apply 
them to the calculations that he may meet. 
Extreme accuracy is never necessary, for 
after having calculated the proper resistance 
per foot, or the area of a wire, the nearest 
standard size must be selected, thus sacrific- 
ing the accuracy of calculation. Therefore, 
a few good and quickly applicable formule 
should be sought. 

Some electricians prefer to calculate the 
area of the wire, which they express in circu- 
lar mils, while others prefer to obtain the 
resistance per foot of the proper wire. Either 
method is short and satisfactory, but with 
either a wire table is necessary, unless the 
data regarding standard wires is memorized. 

In American practice the Brown & Sharp 
gauge is used almost exclusively, and a table 


“of dimensions is herewith given : 


The first column gives the gauge number; 
the second, the diameter in mils or thou- 
sandths of an inch; the third, the areain cir- 
cular mils, The square of the diameter is pro- 
portional to the area and fixes the size of the 
wire just as definitely. This diameter in 
thousandths of an inch, when squared, gives 
what is called the area in circular mils, and 
designates the size of the wire, without mul- 
tiplying by .7857, our inconvenient constant. 
The fourth column gives the actual area of 
the wire in square inches. The advantage 
of the next three columns is obvious. The 
next column gives the resistance of the wire 
in ohms per thousand feet, assuming a tem- 
perature of 70 degs. F. and a copper of ninety- 
seven per cent of the conductivity of pure 
copper. The last column gives the safe car- 
rying capacity according to Kennelly’s ex- 
periments, which are generally followed 
throughout the world, though somewhat in- 
creased in later codes. If the current is 
below these limits, the job is sure to pass on 
that point whatever insurance company takes 
the risk. If a job is to be wired for a few 


24 


per cent line loss, there is little danger of 
exceeding the current allowed by insurance 
companies, except in the case of lamps very 
near the source of supply. For such short 
distances a few per cent drop can be obtained 
only by using a small wire, and often in such 
cases it will be necessary to sacrifice the 
desirable condition of uniform drop through- 
out the installation in order to comply with 
insurance regulations as regards maximum 
capacity of wifes. 
heehee gee se 


Repair of Electric Railway Apparatus. 


GENERAI, ELECTRIC CONTROLLER. 
BY W. E. SHEPARD. 


The controller adopted by the General 
Electric Company is unique in a number of 
its details. The Thomson-Houston Company 
controlled fundamental patents on electric 
magnetic devices used for blowing out or 
breaking of an arc, and early adapted the 
principle to the rheostat controller put out by 
that company. This principle has been in- 
corporated in the later ‘‘Series Parallel’ 
controllers and has proven to be a most in- 
valuable adjunct. 

Of the several types which have been put 
upon the market by the General Electric Com- 
pany, the forms known as the type K and 
K2 are the most commonly known. The two 
are almost identical in detail, the chief differ- 
ence being that type K2 is arranged for one 
more section of resistance than type K, this 
requiring one main cable and terminal, and 
one contact in addition to that found in the 
K. The controller is also made slightly 
larger in its dimensions and is heavier. A 
description therefore of the K2 will apply 
throughout to the K, bearing in mind only 
the difference of an added step in the resist- 
ance of the former. 

Fig. 1 shows very clearly the interior of 
the type K2 as now made. At the left of the 
center of the figure, extending from the top 
downward, the main controlling contact 


FIG. I.—K2 CONTROLLER. 


is shown, consisting of arcs or segments of 
circles, each of which terminates in a remov- 
able copper contact tip. The twelve contact 
fingers are shown at the left, Above, at the 
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right, are shown the eight fingers and contacts 
of the reversing cylinder, 

Near the bottom of the controller at the 
left are the two cut-out handles, the raising 
of which cuts out either No. 1 or No. 2 
motor at the same 
time locking the maih controlling druni so 
that it can not be turned to the points cor- 
responding to the parallel combination, no 
matter which motor may be cut out of the 
circuit. Near the bottom at the right is the 
main terminal] board with its fifteen main ter- 
minals and just above is seen the heavy 
electro-magnet, designed for blowing out the 
arcs formed at the tips of the contact fingers. 

The magnet is connected in on the main cir- 
cuit, and whatever current is being used by 
the car at any time passes through its coil, 
so that the heavier the current and the con- 
sequent tendency to arc, the stronger is the 
field magnetism of the magnet and its corre- 
sponding power for blowing out the arc. One 
pole of the magnet is hinged and swings out- 
ward, exposing the fingers, as it is shown out- 
lined against the cover of the controller. 
When closed this pole is directly over the 
finger tips, the other pole being formed by 
the heavy iron casting composing the back of 
the controller. ` 

The action of this controller is all that can 


as may be desired, 


No.) Armature 


Rheostat 


FIG. 3.—MOTORS IN SERIES. 


be desired. It is unusually well built and 
fitted and will endure very severe abuse. Its 
repairs are confined almost entirely to trim- 
ming or replacing of fingers and the small 
pips on the cylinder, and these wear for a 
very long time, ten or twelve months easily. 

One thing has to be guarded against, which 
is true of all controllers with sliding fingers 
of this sort, namely, the setting of the springs 
on the contact fingers too tight, for if too 
stiff there is a tendency to cutting, and this 
once started, the finger tips and entire cylin- 
der ring grind away very rapidly. This will 
be prevented by easing spring slightly and by 
moistening the ring by just a touch of vase- 
line or paraffine. The former is best and it 
is a good practice to apply it to all the con- 
troller wheels whether cutting or not, but it 
must be used very sparingly, as too much is 
far worse than none at all. 

An outline of the wiring connections of the 
controller is shown in Fig. 2. 

We will trace the path of the current as 
the power is applied on three of the notches 
only, the remaining joints differing only in 
that they have more or less resistance in their 
circuits, the combinations themselves being 
very nearly the same. 

First, when running on the first notch, both 
motors in series, also all the main resistance 
in circuit as shown in Fig. 3. 


Vor. VIII, No. i. 


The current coming in from trolley goes 
to the main terminal T, then passes through 
the coil on the flow-out magnet to contact 
finger T, there to contact finger R—to tet- 
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minal R; through all of rheostat back to ter- 
minal R,; to terminal 19 on reverse cylinder; 
to A, on reverse cylinder; to terminal A,; 
through No. 1 armature back to terminal 
AA; to AA, on reverse cylinder; to F, on re- 
verse cylinder; to terminal F,; through No. 1 
field back to terminal E; to contact 15; to 
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terminal 15; to 15 on reverse cylinder; to A, 
on reverse cylinder; to terminal A,; through 
No. 2 armature back to terminal AA,; to AA, 
on reverse cylinder; to F, on reverse cylinder; 
to terminal F,; through No. 2 field back to G 
or ground, one side of No. 2 field coil being 
connected direct to ground cable. 

One arrangement peculiar to the G. E. 
motor is the use of a shunt resistance around 
the field coil of each motor. This resistance 
consists of thin ribbons of German silver, in 
appearance similar to the iron ribbon used in 
the main rheostat and is used on combina- 
tions four and seven in the K and five and 
nine in K2 controllers. . 

When running on these points all the cur- 
rent passes through the armatures of the 
motor as usual, but part only passes through 
the field coils; a considerable portion, de- 
pending on the speed of the motors, resist- 
ances of the circuits, etc., flows through this 
shunt resistance, the effect of which is to 
leave the fields of the motor practically of 
the same strength as when running on the 
notch immediately preceding, while at the 
same time adding to the strength of the cur- 
rent flowing in the armatures by whatever 
amount passes through the shunt. The ef- 
fect is, of course, an added effort of the 
motors with a corresponding increase in the 
speed. 
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The path of the current when running on 
notch four of type K in five of Ka, is outlined 
in Fig. 4, and in detail as follows: 

Current coming in from trolley passes 
through the blowout coil from main terminal 
T, to contact T, passes to contacts R, and 19; 
to terminal 19, on reverse cylinder; to A, on re- 
verse cylinder; totermninal A,; through No. 1 
armature back to terminal AA; to AA, onre- 
vérse cylinder; to F, on reverse cylinder; to 
terminal F,; through No. 1 field back to ter- 
minal E; to E, contact and to contacts 15 
and L,. Here notice the closing of a circuit 
coming in from F, in the motor cables where 
it is permanently -connected, and passing 
through the shunt resistance to terminal L,, 
thence to terminals L, and 15, and uniting 
with the current already flowing to 15, from 
direct through the field of No. 1 motor. 
From contact 15 the current flows to ter- 
minal 15; to 15 on reverse cylinder; to A, 
on reverse cylinder; to terminal A,; through 
armature No. 2 back to terminal AA,; 


to AA, on reverse cylinder; to F, on the re- 
verse cylinder; to terminal F,; through No. 
2 field back to E, and G or ground. Here 
notice at G the closing again of a second 
circuit which comes in from Ly. 
is, 


This cir- 


cuit like the preceding, permanently 
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FIG. §.—MOTORS IN SERIES WITH SHUNTED FIELDS, 


connected in the cables to F, and current 
from it comes in at this point, L,, often 
having passed through another shunt resist- 
ance, the two currents uniting flow together 
to ground. 

For the first point in parallel, notch No. 6 
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on the K2 the combination of field, arma- 
ture and resistance is as shown in Fig. 5. 
For the last notch, it is shown in Fig. 6. 

For the first point running in parallel cir- 
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cuit the details of the path of the current are 
as follows: 

The current, coming in from trolley ‘to 
main terminal T, passes through the blow- 
out magnet coil, thence to contact finger T,; 
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to contact finger R?; to terminal R,; through 
part of rheostat back to terminal R,. Here the 
current divides, part goes to terminal 19; to 19 
on reverse; to A, on reverse; to terminal A,; 
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through No. 1 armature back to terminal 
AA i to AA, on reverse; to F, on reverse; to 
terminal F,; through No. r field back to ter- 
minal E,; to contact finger G; to ground. 
Part goes from terminal R,, to contact fin- 
ger 19; to contact finger 15; to terminal 15; 
to 15 on reverse; to A, on reversal; to ter- 
minal Aj; through No. 2 armature back to 
terminal AA,; to AA, on reverse; to F, on 
reverse; to terminal N,; through No. 2 field 
to connection on ground cable back to Gand 
to ground. ° 
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Faults in Dynamos. 


Practical hints such as are embodied in the 
following article are often of much service, 
provided that they possess simplicity and can 
be availed of with means commonly at hand. 
The object here is to give a few simple 
methods of attaining certain ends, without 
attempting to make a connected narrative. 

Electrical machinery frequently develops 
defects in insulation or circuit continuity, 
commonly called faults. A few simple tests 
with a magneto bell usually serve to locate 
the member of the machine in which they 
lie. Such tests also disclose the nature of 
the fault, but the determination of its exact 
location for speedy repair is not, as a rule, 
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considered an easy thing to do, and is usually 
left to the repair man. In finding the fault, 
he may take down a lot of good work unnec- 
essarily, and therefore a few hints on this 
subject may be useful. 

Take, first, the very common fault of a 
ground ina closed coil armature, which can 
readily be detected by ringing a common 
magneto bell between the shaft and the com- 
mutator segments. The question at once 
arises, What coil of the armature, or seg- 
ment of the commutator, is grounded? Dis- 
connecting the coils for separate testing 1s 
very laborious, and much may be done that 
afterward proves unnecessary. 

If a closed coil armature circuit could be 
untwisted from its iron core, and stretched 
out without disturbing its continuity, it would 
have the appearance of a loop on which the 
commutator bars are spaced at equal lincar 
distances, as shown in Fig. 1. This would 
be the case whatever the svstem of winding, 
whether ring or drum. Some multiple cir- 
cuit windings would present slight modifica- 
tions of this appearance when stretched out 
as indicated, but the method of testing would 
be the same. To locate the defective coil or 
segment, pass a very light current—one-half 
an ampere or less—into the shaft of the arma- 
ture and out through a convenient commu- 
tator segment. Thiscurrent may be conven- 
izntly obtained by placing the armature thus 
connected in series with a single incandes- 
cent lamp, and supplying the combination 
with current at the rated voltage of the 
lamp. If this current is not available, an or- 
dinary dry battery with no series resistance 
will supply sufficient current for the pur- 
pose. Procure a telephone receiver, which 
may be had for about a dollar, and connect 
one terminal of it to the armature shaft, as 
shown in the accompanying sketch. If the 
free terminal now be touched to any part of 
the armature circuit, a sharp check will be 
heard in the receiver. This chick will vary in 
loudness according to the part of the anna- 
ture circuit touched, and a place can be found 
where the noise will be a minimum and per- 
haps cease altogether. Touch the segments 
of the commutator with the free terminal, 
noting the one at which the noise in the re- 
ceiver is the least. That segment and coil 


are probably the ones affected, as the indica- 
tion is that they are, electrically, very near 
the shaft. Disconnect the wires from the 
segment and test the latter for ground with a 
magneto. If its insulation is all right seek 
the other end of the coil, and disconnect 
that also. Then test the coil thus isolated, 
and if the work has been carefully done, the 
fault will probably be found. 

In taking off the defective coil, look care- 
fully at the driving pins, for often the trouble 
may be found there and corrected without 
taking off a single binding wire. Of course, 
if the difficulty is still elusive, the coil may 
be taken completely off, but the magneto 
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should be rung at frequent intervals during 
this process. A good workman should not 
be satisfied with simply correcting such a 
difficulty; he should accurately ascertain the 
cause, for it may be that with this knowledge 
he can prevent the recurrence of the fault. 
At all events he will know where to look for 
trouble when a similar case occurs. 

Grounds are quite as frequent on field 
magnets as on armatures, and just as easy to 
locate. The magneto will detect the spool 
and the section, if the spool is divided, but 
to determine the location more exactly re- 
course must be had to other methods. A 
ground on a field magnet can only occur on 
the layer nearest the magnet core, or on the 
ends of the bobbin. It frequently occurs on 
the leading in wires. To locate it, connect 
across the terminals of the field magnet a 
long, fine iron wire, as shown in Fig. 2. The 
finer the wire on the field magnet, the more 
necessary is the fine- 
ness of the iron wire. 
It should be as long 
as convenient, and 
should be coiled back 
and forth upon a board 
in which light nails 
wre driven for the pur- 
pose, as shown in Fig. 
3. The best length for 
the wire is that which will give it a resist- 
ance exactly equal to the resistance of the 
magnet coil to be tested. If the latter is 
known, the proper length of wire can be 
readily calculated by means of a suitable 
table. Having arranged the wire and con- 
nected it as indicated, pass a light current 
through the two circuits, as shown in the 
sketch. Connect the telephone to the core 
of the magnet at one terminal, and with the 
free terminal search along the iron wire cir- 
cuit for a point where no click occurs in the 
receiver on making and breaking contact. 
If the magnet be wound with a uniform size 
of wire, as is usually the case, the fault will 
lie at a proportionate distance from either 
terminal in the coil circuit. 

Now, a fault of this kind can only occur, 
either at the terminals themselves, on the 
layer next the core or somewhere on the ends 
of the coil. Therefore, a little shrewd guess- 
ing will locate it. Ifthe point of silence is 
found near the end of the iron wire circuit, 
the ground may be looked for where the cor- 
responding coil terminal emerges from the 
winding. This is a location where grounds 
in such coils are extremely likely to exist, 
and they can usually be repaired without 
unwinding a single turn. If the silence 
point is found a short distance from the 
inside terminal, the fault is, probably, on the 
layer next the core, and if the coil cannot be 
slipped off the entire unwinding of the bob- 
bin is often necessary. If the silence point 
occurs anywhere else on the iron wire cir- 
cuit, the fault will be found at one of the 
inner layers next one of the end collars. In 
this case, before unwinding it will be found 
best to remove the end collars and look for 
the trouble there, for it can, probably, be 
found and perhaps repaired without tearing 
the coil to pieces further. 

One of the most difficult faults to detect 
and locate in a dynamo is what is called a 
‘flying’ short circuit. An armature that is 
apparently all right, and tests out free from 
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trouble, will act strangely when in service in 
a machine, and will, probably, cause inter- 
mittent sparking at the commutator, which 
will keep step with the revolutions of the 
niachine, or it may refuse to build its voltage. 
Moreover, the trouble will sometimes come, 
and then disappear for an interval in a most 
bewildering manner. If these symptoms 
are so pronounced that this difficulty is sus- 
pected, shut the machine down, and connect 
across its terminals a length of iron wire, pre- 
cisely in the same way as was indicated in 
the test of the magnet coil. As an armature 
has a very low resistance, unless the machine 
be of high voltage this wire need not be 
either very long or fine. Three or four feet 
of No. oo B. & S. will answer in most cases. 
Pass a current through the armature, and 
connect the telephone, as shown in the 
sketch (Fig. 4). Connect the terminal, to a 
place on the wire where, when a momentary 
touch is given, the receiver gives no click. 
Being careful not to turn the armature, and 
keeping the receiver tothe ear, feel the arma- 
ture all over, pushing and pulling the wires. 
A flying short circuit, it may be,stated, is the 
contact between two armature wires when 
the machine is in motion, but which ceases 
when the machine comes to rest. Therefore, 
if this connection is made by pushing and 
pulling on the wires, the fact will at once be 
made known by a click in the receiver. By 
this means the trouble is not only discov- 
ered, but is also accurately located. 


FIG. 3. FIG. 4. 


A short-circuited field magnet, especially 
if it be a shunt coil, is not easy to discover. 
A shunt coil will not indicate that it is par- 
tially short circuited by any misbehavior of 
the machine, except that a little more rheo- 
stat has to be cut out in order to make the 
machine keep up its voltage and the field 
coils run hotter, especially the ones not short 


circuited. A common way to detect and lo- id 


cate this trouble is to measure the resistance 
of the coil and compare it with that of its 
mate, assuming that if there isa difference 
of any amount, that the coil of least resist- 
ance is short circuited. This isa very good 
method if the experimenter is sure in the 
first place that the two coils were originally 
of the same resistarfce; if, as is often the 
case, there is but one field coil, the method 
is not applicable. A very good way is to weigh 
the coil if it can be taken off, and with the aid 
of a suitable table, the resistance that the 
coil ought to have.can be calculated, if the 
size of the wire is ascertained. Almost every 
trade catalogue of insulated wire has a full 
set of tables which are very useful for such 
work, and the makers of wire are always glad 
to mail a copy on application. If the coil 
cannot be taken off, determine the number 
of turns and also the number of layers. The 
number of layers cannot always be actually 
counted, but it can be estimated if the man- 
ipulator is at all shrewd. A little figuring 
gives the length of the wire on the bobbin, 
and for calculating its resistance this factor 
is quite as efficient as the weight. In either 
case, with a little care the error need not be 
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over a few percent. The method is not al- 
together satisfactory, but it is the most con- 
venient one available. 

Short circuits in an armature circuit, on 
the other hand, are often self indicative, 
both in location and amount. If the short 
circuit is a strony one and occurs while the 
machine is in operation, the short circuited 
coils will probably burn out before help can 
reach them. Something must go, either the 
coil or the short circuit. Some writers cau- 
tion their readers that the coils of the arma- 
ture are very liable to short circuit by the 
dragging over of the copper from one bar to 
another, and that if it is not promptly at- 
tended to the armature is hable to burn out. 
The fact of the matter is that these miniature 
short circuits burn out as fast as they occur 
and do no other damage than contribute to 
the roughness of the commutator. Often 
when the commutator scintillates at other 
places than under the brushes, the current is 
said to be jumping the segments when it is 
really burning out the little short circuits. 
The voltage between bars on a well designed 
machine is so low that the distance that it 
could jump across a gap of air is almost mi- 
croscopic. In following articles open cir- 
cuits and other faults will be considered. 
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The Steam Engine Indicator Card. 


The principles and calculation of the steam 

engine indicator card are so comparatively 
simple that no engineer should permit him- 
self to lack knowledge of thesame. That he 
does not indicate the engine which he has at 
present under his charge should be rather 
considered as unfortunately depriving him 
of useful experience than be allowed to serve 
as an excuse for neglecting the subject. 
Owing to the low cost at which indicators 
can now be purchased, employers are more 
and more likely to demand a knowledge of 
the indicator as part of the qualifications of 
their engineer, not only as a means of check- 
ing the consumption of fuel, but also to 
avoid the cost of an indicator 
expert should an engine at 
any time develop irregulari- 
ties in working, or to discover 
at an early stage the defects 
that would lead to such irregu- 
larities. 

_ The steam indicator was in- 
vented by James Watt in the 
form shown in Fig. 1I. As 

will be seen, it consists of 
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three principal parts: First, a piston anda 
small cylinder communicating with the 
extreme end of the engine cylinder, to 
which piston is attached a rod carrying 
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at its extremity a pencil; second a 
spiral spring above the indicator piston, 
which opposes the pressure of the steam 
underneath ; and, finally, a board hav- 
ing motion coincident with that of the engine 
piston, such motion being derived from the 
engine piston rod or crosshead by means of 
some kind of gear which reduces the stroke 
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of the cylinder to the travel of the board. 
Upon the board is secured a piece of paper, 
and When the indicator pencil is pressed 
against this, the horizontal travel of the 
board and vertical motion of the indicator 
piston combined, produce a diagram such as 
is shown in the illustration. 

For the extremely low engine speeds of 
former days, the above indicator answered its 
purpose admirably, but, it is scarcely neces- 
sary to say, would be entirely useless with 
present engine speeds. A modern indicator 
is shown in Fig. 3, which it will be seen, only 
departs from the original Watt indicator in 
detail. The improvements in modern types, 
aside from superior workmanship, consist as 
follows: First, the reduction of the stroke of 
the indicator piston by means of various 
lever arrangements, whereby the vertical 
pencil motion is made several times greater 
than that of the indicator piston; this reduces 
the yreater inertia due to longer stroke, 
which inertia causes the indicator piston at 
any instant to be thrown ahead of, or kept lag- 
ging behind, its true position, thereby falsify- 
ing the indicator record. Second, the substi- 
tution for the board and weight of the Watt 
indicator, of a cylinder drum and spring, 
which greatly reduces the weight and size of 
this moving -part and enables it more quickly 
to respond when the stroke is reversed twice 
each revolution of the engine. 

In Fig. 3, the multiplying link Fig. 2 is 
illustrated in detail. As will be seen, the pen- 
cil always moves in a straight line, and the 
distance through which it travels is much 
greater than the corresponding travel of the 
rod directly attached to the indicator piston. 
The total travel of the pencil of the indicator 
shown is 234 ins., and that of the indicator 
piston only one-fifth that amount, or but 
Jittle more than 4 in, 


AMERICAN ELECTRICIAN. 


Referring again to Fig. 1, since the board 
upon which the indicator card is mounted 
has motion coincident with that of the en- 
gine piston—that is, is at half stroke, quarter 
stroke, etc., at exactly the same instant that 
the engine piston is at the same point of its 
stroke—it is evident that the indicator dia- 
gram truly represents the variation of press- 
ures in the cylinder during the entire stroke. 
It should be added that in taking indicator 
cards, the pencil is pressed against the re- 
volving drum before the steam is turned on 
the indicator, whereby a horizontal mark is 
made, called the atmospheric line; this line 
is not only useful as a line of reference, but 
also serves in measuring distances along the 
indicator card, since its length is the exact 
length of the card, which length otherwise 
might be incorrectly determined by measure- 
ment from the cards, owing to their irregu- 


larity of shape. 


To illustrate, suppose we had an indicator 
card of a cylinder of thirty-six inches stroke, 
and wish to know the pressure in that cylin- 
der at twenty-four inches from the com- 
mencement of stroke, or in other words, at 
two-thirds stroke. Find the point two-thirds 
along the length of the indicator card 
(measuring along the atmospheric line) and 
measure the length of that portion of the 
vertical or pressure line at this point which 
lies between the upper and lower curves of the 
card; if we suppose this length to be 1% ins. 
then, if the indicator spring is a forty pound 
spring—that is, is extended or compressed 
one inch when the steam pressure below the 
indicator piston rises or falls through forty 
pounds per square inch—the pressure in the 
engine cylinder at two-thirds stroke at the 
time when the card was taken will have been 
40X 14% = 50 bbs. 

In order to obtain the correct horse power 
of an engine indicator, cards must be taken 


from both sides of the 


engine piston. In 
order that this may be 
done as nearly simul- 
taneously as possible 
and with a single indicator, pipes from 
either end of the engine cylinder lead 
to a common indicator connection with a 
three-way cock. The two cards taken by 
this arrangement are combined, as will be 
seen later, the exhaust line of one being 
usually superimposed on that of the other. 
It would, of course, be simpler in beginning 
the study of the indicator card to show but 
a single card, as illustrated in Fig. 1, but in 
the end more would be lost than gained by 
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this, as at first in applying what is learned, 
one would be apt to be confused by the 
double card. 

As intimated above, the usefulness of the 
indicator diagrams is two-fold—for the calcu- 
lation of horse power and for the purpose of 
determining whether valves are properly set, 
for detecting piston leakage, etc. The calcula- 
tion of indicator cards will first be taken up, 
the other points being left for treatment in 
future articles. In order however that such 
calculations may be intelligently made, it is 
necessary to understand the measurement of 
mechanical energy, or in other words, what 
foot pounds and horse power actually mean. 

Foot Pounds.—If a man lifts a weight of, 
say, one pound one foot from the ground, he 
does a certain amount of work, which quan- 
tity is known among engineers as one foot 
pound. «If five pounds are lifted one foot he 
does five foot pounds of work; or if a one 
pound weight is lifted five feet he does five 
foot pounds; or if five pounds are lifted five 
feet he does twenty-five foot pounds of work. 
Similarly, if it requires a pull or push of fifty 
pounds to stretch or compress a spring one- 
tenth of a foot, the work done is five foot 
pounds. Or if we have a steam cylinder of 
one-hundred square inches area moved by 
steam at an average pressure of fifty pounds 
per square inch, 5000 ft. lbs. of work 
are expended by the steam shoving the pis- 
ton one foot; if the stroke is two feet and the 
piston is that of an engine making 120 revolu- 
tions or 240 strokes per minute, 


pressure. 


distance per minute. 


2 X 240 
foot pounds of work will be done per niinute. 
From the above illustrations it will be seen 
that the work done by a force is the product 
of that force into the distance through 
which it is exerted. 

Horse Power.—When James Watt com- 
menced the manufacture of his steam engine, 
he was met by the question of rating and as 
the engine was intended to displace horses, 
it was considered desirable from a commer- 
cial standpoint to adopt a rating whereby the 
power of an engine could be directly com- 
pared with the power capable of being exer- 
cised by a horse. To this end Watt experi- 
mented with a horse lifting weights from a 
deserted mine shaft, and came to the conclu- 
sion that a horse could do about 22,000 ft. 
lbs. of work per minute; that is, if the 
weight were, say, 200 Ibs. the horse used 
in his experiments could continuously lift it 
at the rate of 110 ft. per minute. In order, 


- however, to give ‘‘ good measure ’’ to his cus- 
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tomers, he added fifty per cent, thus fixing 
the horse power at 33,000 ft. lbs. per 
minute, at which it has since remained. . It 
should be added that a draught horse may 
work at the rate of five horse power for five 
or ten minutes and at even a greater rate 
during a shorter length of time. Returning 
now to the example of the engine in the pre- 
ceding paragraph, since 2,400,000 ft. Ibs. of 
work are done per minute, the horse power is 
2,400,000 or 7224 h.p. 

Knowing now what a horse power actually 
means, the calculation of an indicator card 
can be undertaken with confidence. This 
will form the subject of an article in the 
next issue, 
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One of the chief difficulties encountered in 
first taking up the study of electricity arises 
from the manner in which that agent is popu- 
larly regarded. When one approachesa sub- 
ject popularly surrounded, as is that of 
electricity, with a dense cloud of mystery, and 
dealing with what is supposed to be unique 
among all the forces of nature and one which 
so far has absolutely eluded the grasp of man, 
the slightest difficulty encountered is natur- 
ally apt to be magnified. At the beginning, 
therefore, any idea that electricity is pecu- 
liarly mysterious should be dismissed, par- 
ticularly as such an assumption is entirely 
untrue. The nature of gravity, light or 
heat is inthe same category with electricity, 
yet we hear little or nothing about their 
mysteriousness. Gravity, in fact, is still 
more elusive than electricity, for while 
hypotheses have been advanced that seem to 
reasonably account for the nature of the lat- 
ter force, the action of the force of gravity 
in causing a large body to attract a smaller 
one is as yet unexplained by any generally 
accepted hypothesis. The question, there- 
fore, Why does a stone tend to fall to the 
earth? is actually more difficult to answer 
than the more frequent one, What is elec- 
tricity? We do not for all that, however, 
look upon, for example, a clock actuated by 
weights as a wonderful machine, and simi- 
larly, there is no reason why an electric 
motor, as far as the force actuating it is con- 
cerned, should be regarded differently. The 
nature of electricity, in fact, concerns us no 
more in dealing with its manifestations than 
the nature of gravity does the maker or user 
of a pile-driver, or the atomic constitution of 
water, though one of the most wonderful of 
liquids in its properties, does the steam user. 
It is a question that may be left entirely aside 
in the study of the manifestations of elec- 
tricity as one having no bearing in practical 
problems, and of no other than a curious in- 
terest except to those accustomed to the 
study of abstract physics. Thought of it 
should therefore not be permitted to inter- 
vene and confuse the understanding or relax 
effort when engayed in the consideration of 
its effects, which alone concern us in the 
study of its applications. 

Another false notion which should be 
avoided’ is that contained in the by-words 
“ Electricity is merely in its infancy,” when 
used in the sense that but little is known of 
the possibilities of electricity. The laws con- 
trolling the manifestations of electricity are 
as firmly established as those of any other 
branch of physical science, and the applica- 
tion of those laws to practical purposes is 
even more simple. Moreover, all of the 
more important principles concerning practi- 
cal electricity, instead of being recent discov- 
eries, were founded in the first half of the 
present century. From the moment Fara- 
day showed how the electrical current may 
be generating by mechanical means, the 
dynamo became a possibility and its develop- 
ment as a practical machine merely awaited 
the necessary commercial conditions. As 
examples of early developments of electrical 
appliances, it may be pointed out that about 
1846, Starr,an American, exhibited a chan- 
delier of lighted incandescent lamps before 
Faraday, while the automatic are lamp 
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dates from 1850 or even earlier. The alter- 
nating current transformer is merely a modi- 
fied Ruhmkorff coil, which latter apparatus 
dates from the first half of the century, and 
the electric motor was one of the very ear- 
liest electrical applications. Had the future 
demand for electricity been anticipated in 
the day of Faraday, it is probable that the 
dynamo would have been perfected at that 
time; conversely, if a cheap source of cur- 
rent had been available in the first half of 
the century, the development of arc and in- 
candescent lighting might have been ad- 
vanced thirty years or more. 

It will thus be seen, that while fifteen 
years ayo commercial electricity was in its 
infancy, this was far from being true with 
respect to the principles upon which it de- 
pends. This distinction between commer- 
cial development and the progress of electri- 
cal science proper should, therefore, be borne 
in mind when taking up the study of elec- 
tricity, as one is apt to be handicapped when 
laboring under the impression that present 
knowledge is so ill founded that it may at 
any day become of no consequence through 
further discoveries in every department. It 
may be added that there is little reason to 
believe that any further startling develop- 
iments will occur in the present branches of 
commercial electricity, though as much can- 
not be predicted with the same degree of 
confidence concerning the new field opened 
up by Hertz and Rontgen—that of electric 
waves or radiations. : 

While, as just pointed out, the student of 
applied electricity need not be concerned 
with the nature of the force itself, yet in 
order to assist the understanding he may, 
with profit, make assumptions which, by as- 
sociation with ideas already possessed, will as- 
sist in grasping new ideas, even though, in 
fact, widely different. For example, he may 
consider that electricity is a fluid or is com- 
posed of two separate fluids, and that its laws 
are similar to those relating to the flow of 
water or other liquids, etc. In fact, such 
methods of assistance in learning a new sub- 
ject by comparisons relating with - other 
branches of knowledge already familiar, are 
extremely useful, but it should never be lost 
sight of that they are to be employed only as 
make-shifts, and that the assumptions are 
never to be confounded with realities. This 
caution is one that should be heeded, as in 
dealing with some branches of the alternating 
current the fluid idea is likely, if too firmly 
fixed in one’s mind, to increase the difficulty 
of understanding. 

The first ideas to be taken up in the study 
of practical electricity are those relating to 
electromotive force, electric current and 
electric resistance. ‘That is to say, the cause, 
electromotive force; the effec/, current; and 
resistance, that which modifies the effect, per- 
initting it to be greater or smaller. 

It will readily be seen that these three fac- 
tors appear in every department of nature, 
though under different aspects. A horse, 
for example, in pulling a wayon exerts a 
force which produces speed as an effect, the 
speed being greater or less according to the 
resistance offered by the road, that is, 
whether the road is smooth or rough. Sim- 
ilarly, the amount of water (current) that in 
a second will flow from a given pipe will de- 
pend upon the head or pressure (force) and 
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upon the resistance the pipe offers to the flow 
from roughness of its surface, bends, etc. 

The latter or hydraulic analogy offers per- 
haps the simplest means for illustrating elec- 
tromotive force, current and resistance. As 
just implied, the head or pressure of water 
corresponds to the electromotive force, the 
quantity of water flowing under such head 
or pressure to the electric current, and the 
size and resistance of the pipe conducting the 
water, to the size and resistance of the elec- 
tric conductor. From this it will be seen 
that we may have a very large head or press- 
ure (electromotive force) and yet have a 
sinall flow of water (current); for in, say, a 
Y in. pipe, but little water would flow 
under a head equal to that of Niagara Falls, 
or with a corresponding pressure of seventy 
pounds per square inch at one end of the 
pipe. Onthe other hand, we may have a 
very small head and large flow, asin a river 
flowing through a level country, or in a very 
large pipe connecting two bodies of water 
differing slightly in level, these cases corre- 
sponding to a low electromotive force and a 
conductor or large section and short length— 
that is, of very small resistance. 

It will be noted that the analogy is not en- 
tirely satisfactory, for in the case of water 
under a given head only a certain limiting 
amount of water will flow through a given 
pipe even if the pipe possesses absolutely no 
friction; while with a given electromotive 
force an electric conductor would conduct, de- 
pendent upon its resistance, any amount of 
current up to a point where it is melted, which 
point inay be greatly extended by cooling 
the wire with air or water, the latter method 
being often employed in connection with the 
resistances used for absorbing power when 
testing electrical machinery. The analogy, 
however, is useful in illustrating, first, that 
electromotive force resembles a head or 
pressure of water; second, that the flow of 
water under a head or pressure resembles the 
flow of electricity under an electromotive 
force: third, that the frictional and other re- 
sistance encountered by water flowing in pipes 
is somewhat comparable to the resistance of 
electric conductors; and, finally, that though 
we havea large head or pressure (electro- 
motive force) it does not follow that there 
will be a large flow of water (current), as 
this latter depends upon the size and condi- 
tion of the pipe used (resistance of the con- 
ductor); and, conversely, that a low pressure 
or head of water (low electromotive force) 
may cause a large flow of water (current) if 
the pipe used is large (the electric conduc- 
tor of low resistance). 

The centrifugal pump affords one of the 
most satisfactory means to illustrate roughly 
the generation and flow of direct current. 
In Fig. 1, suppose {J0 to be a centrifugal 
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pump continuously circulating water through 
the pipe, -4 R O, the pump corresponding to 
adynamo. If, now, we hada pressure gauge, 
G, with one end connected at 4 and the 
other at O, it would register the pressure re- 
quired to force the „water around the circuit; 
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that is, would correspond to the electromo- 
tive force at the binding posts, 4, O,, of a 
dynamo; the amount per second of water 


being circulated would correspond to the | 


electric current, and the friction of the main 
pipe and the small pipe, A, would correspond 
to the electric resistance of the wire circuit, 
which in this case is made up of the resist- 
ances of the conductors and, say, of an elec- 
tric heater, A,. In Fig. 2, a circuit is repre- 


sented containing small water motors in 
sertes, which may be supposed to correspond 
to electric motors in an electrical circuit, or 
to arc lamps; we may, for instance, suppose 
M, to bea series motor and 4,, 4,, 4, to be 
arc lamps. If in such a hydraulic circuit a 
gauge were placed with a connection on either 
side of, say, M, it would register a pressure 
corresponding to the drop caused by the re- 
sistance of the water motor to the current of 
water passing through it. If, for example, 
a pressure of two pounds showed at each of 
the water motors and another pound were 
lost by the friction of the pipe and pump, a 
gauge at the centrifugal pump would show 
6X 2+ 1 = 13 lbs., which in an electric cir- 
cuit would correspond to the sum of electro- 
motive forces measured by, say, a voltmeter 
at 4, O,. Fig. 3 corresponds to an electrical 
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circuit having its receivers, such as incan- 
descent lamps, 4’,, L'a, L'as and an electric 
heater, A’, in parallel or multiple arc. In 
this case, it will seem that if the size of the 
parallel pipes, Li, La La and A, is very 
small compared with that of the main pipes, 
S, approximately the same amount of water 
(current) will pass through each, and the 
pressure (voltage) at, for example, A’, will 
be but little less than at L, (1.’, ). 

It will also be evident from Fig. 2, that 
since, in series connection, the same water or 
current passes through all of the devices in 
circuit, the size of the conducting pipe or wire 
will be smaller than if the same devices were 
connected as in Fig. 3; for, in the latter case, 
the mains, it will be seen, have to carry the 
sum of the separate currents for each device. 
On the other hand, the pressure or electro- 
motive force in series connection is the sum 
of all of the separate pressures or electro- 
motive forces required for each device; in 
parallel connection, however, each device is 
subjected to one and, approximately, the 
same pressure or electromotive force. 

It follows from the above that the series 
system of electrical distribution 1s primarily 
one of large electromotive force while, in 
comparison, the parallel system is one of 
small electromotive force. In the series sys- 
tem, aside from high electromotive force 
dangerous to life and the practical conditions 
met in its generations, there is a necessity for 
superior insulation and a liability to damage 
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to the apparatus in circuit from the extra 
current when the circuit is broken; above 
all, the operation of such a system is entirely 
dependent upon each device in it, a broken 
circuit at one device throwing all out of op- 
eration, unless some kind of automatic by- 
pass is employed. The use of the series sys- 
tem is, therefore, limited, being confined 
almost entirely to arc lighting and to incan- 
descent street lighting. 

In the parallel system, on the contrary, it 
will be seen by reference to Fig. 3 that any 
device may be cut in or out without in any 
inanner interfering with the others in circuit. 
The parallel system, in fact, may be con- 
sidered one in which each device in circuit 
has its own individual connection with the 
generator, the different electric conductors 
in practice being ‘‘bunched’’ for conven- 
ience. This is shown in Fig. 4 for both an 
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electric circuit and for its hydraulic analogue. 
Though the subject of drop in parallel sys- 
tems will be taken up later, it will here be 
remarked that in order that each device shall 
be subjected to the same potential without 
intermediate feeders, the main conductors 
will have to be conical and the system a loop 
one, as shown in Fig. 5. 

In the earlier days of electric lighting the 
two above systems were sometimes combined 
to form a series-parallel system Fig. (6) or a 
parallel-series system (Fig. 7). The series- 
parallel system is now prohibited by under- 
writers’ rules for employment indoors. 
Parallel-series lighting is used in connection 
with incandescent and street railway parallel 
svstems—for two arc lamps in series on in- 
candescent circuits, or ten lamps in series on 
a street railway circuit; it is also used with 
incandescent lamps in electric railway car 
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lighting. The three wire and various loop 
systems of distribution will be taken up 
later. In the next article the subject of 
Ohm's law will be taken up and its practical 
application explained with reference to the 
three different forms in which it may be 
expressed. 


Electrical Catechism. 


Are many dynamos regulated by changing 
the number of magnetic lines of force through 
the armature ? 

Yes. AIP constant potential or incandes- 
cent lighting dynamos and some constant 
current or arc lighting dynainos regulate by 
this method. 

What different ways are there for chang- 
ing the number af magnetic lines of force 
through the armature ? 

Either the total number of magnetic lines 
(the total amount of magnetism) may be 
changed, or the useful proportion of the total 
number may be changed. 
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How can the useful proportion of the. whole 
amount of magnetism be changed ? 

By providing another path beside the arma- 
ture. (See 136, 137, 146 and 147, Electrical 
Industries, December, 1895, page 339.) 
Some small machines have a movable soft iror 
bar that may be placed so as to deflect more 
or less of the magnetism and conduct it from 
one pole to the other without passing through 
the armature. This is an unusual method 
and used only for small medical machines. 

Another plan once used in an English arc 
lighting machine was to have a double mag- 
netic circnit, one of which furnished the 
magnetic field, while the other shunted more 
or less around the armature. The shunting 
part was surrounded by coils of wire through 
which an adjustable current passed. This 
plan is no longer used. 

What different ways are there for varying 
the total amount of magnetism ? 

The number of lines of force in a magnetic: 
circuit is proportional to the product of the 
number of turns of wire by the amount of 


rcurrent in the magnefizing coil and is in- 


versely proportional to the reluctance of the 
magnetic circuit. Any one of the three may 
be varied. 

What ts meant by reluctance ? 

The reluctance of a magnetic circuit cor- 
responds with the resistance of an electric 
circuit. The reluctance is proportional to 
the length of the circuit; it is inversely pro- 
portional to the area of cross section and also 
to the permeability of the circuit. 

What ts meant by permeability ? 

Permeability is the conductivity for mag- 
netic lines of force. In other words, it is a 
measure of the ease with which magnetism 
passes through any substance. The permea- 
bility of good soft wrought iron is sometimes 
3000 times that of air, varying with the 
quality of the iron. It also becomes less as 
the intensity of the magnetism increases. 
The permeability of cast iron and cast steel 
is from 50 to 800 times that of air. Some 
cast steel is nearly as good as wrought iron. 

Can the reluctance of a dynamo be changed 
While the machine ts running ? 

In a few small machines, parts of the tron 
field circuit are movable so as to lengthen 
or shorten the ‘‘ air gap.” 

What ts the air gap ? 

A name given to the part of the magnetic 
circuit composed of air. Usually the air gap 
is between the pole pieces and the iron core 
of the armature. More or less air gap is 
necessary to provide room for the armature 
wires and also for mechanical clearance be- 
tween armature and pole pieces. 

How can the amount of current in the 
magnetizing coil be varied ? 

In shunt wound machines this may be 
varied by changing the resistance in the 
rheostat. (See 174in Electrical Industries, 
March, 1896, page 76.) With series wound 
machines (No. 165, page 76) an adjustable 
resistance is sometimes shunted around 
the series field coil so that the field may 
be weakened by allowing more or less 
current to pass around the coil. The 
Brush arc dynamo regulates in this way. 
By reducing the resistance in the shunt, less 
current goes through the field coils so that 
the magnetic field becomes weaker and con- 
sequently the E. M. F. of the armature re- 
duced. 
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Whether Hoang-ti, the mythical founder 
of the Chinese Empire, was, in 2634 B. C., the 
first to construct a magnetic compass; or that 
such an apparatus was not invented until 
1110 B.C., by Ki-tan, a Chinese minister of 
state; or that this invention must be placed 
at a later date—it may, nevertheless, be ac- 
cepted that to the Chinese belongs the honor 
of having made the first application of mag- 
metism to a practical purpose, as well as 
having devised the first practical methods of 
inducing magnetism in iron and steel. 

Whether Thales of Miletus, one of the 
Seven Wise Men of Greece, who lived 600 
B. C., was the first to observe the electrical 
effect produced when amber is rubbed witha 
non-conducting substance, or that this knowl- 
edge is of an earlier date, the fact remains 
that no practical consequences came from 
the discovery for more than twenty centur- 
ies. It was not until after the systems of 
reasoning which the Greek succes- 
sors of Thales imposed for so many 
ages upon the intellect of Europe, be- 
yan to be displaced by habits of thought 
which recognized nature herself as 
teacher and no longer rested content 
with the mere dicta of authority, that 
electricity passed beyond the stage of 
metaphysical speculation and entered 
that of physical investigation. 

There is one exception to this state- 
ment, for physicians, the only repre- 
sentatives of practical science in the 
days of Greece and Rome, seem to 
have applied electricity to their uses. 
We read that Galen and other physi- — 
cians referred to the therapeutical 
value of the electric shock from the 
torpedo fish, which was considered 
efficacious in the cure of gout, inveter- 
ate pains in the head, etc. In this con- 
nection it is noteworthy that Gilbert, 
a physician, was the founder of mod- 
ern electrical science, and that the dis- 
covery from which subsequently that 
science took its greatest impetus, was 
that of a physician, Galvani of Bologna. 

Leaving aside the development of 
the mariner’s compass and the begin- 
ning of knowledge in terrestrial mag- 
netism, as well as consideration of the 
curious occult views held in different ages 
concerning amber and the lodestone, the first 
great name, in point of time, that occurs, is 
that of William Gilbert, of Colchester, called 
by Poggendorf, the ‘‘ Galileo of Electricity ” 
and named by Priestly the ‘‘ Father of Elec- 
tricity,” and who, besides, shares honors 
with Bacon as the father of modern scientific 
methods. 

William Gilbert was born in Colchester, 
England, in 1540, and received the highest 
education that his times afforded, having 
been graduated from Cambridge, of which 
institution he becaine a fellow, and is thought 
to have also pursued studies in schools on the 
Continent. Adopting medicine as a profes- 
sion, he became president of the Royal Col- 
lege of Physicians and a physician to Queen 
Elizabeth, which enlightened ruler also 
showed her appreciation of Gilbert’s learn- 
ing by bestowing a pension wherewith to aid 
his philosophical researches. 

The contributions of Gilbert to electrical 
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knowledge are contained in his greatest 
work, entitled ‘‘ De Magnete,’’ written in 
Latin and published at London in 1600. 
This, the first treatise on physical science 
that departed from Aristotelian methods had, 
according to Mottelay, great influence at the 
time, and two editions of the book were 
printed at Stettin, Germany, one in 1628 and 
the other in 1633. It was not until within 
a few years that the work was translated into 
English and then by an American, Mr. P. F. 
Mottelay. The book bearing the imprint of 
the American publishers, Messrs. John Wiley 
& Sons, was published in 1893. 

Up to the time of Gilbert, but two sub- 
stances, amber and jet, were thought to be 
capable of electrification, and their attractive 
properties were but vaguely differentiated 
from those of the loadstone. Gilbert exper- 


‘imentally proved that a long list of substances 


possess the electrical properties of amber, 
and showed that ‘‘ A lodestone attracts only 
magnetic bodies; electrics attract everything. 


WILLIAM GILBERT, OF COLCHESTER. 


* * * The distinction between electric and 
magnetic bodies is this: All magnetic bodies 
come together by their joint forces; electric 
bodies attract the electric only.’’ He also 
considered the manner in which the attractive 
power of the former is influenced by moist- 
ure and heat, inventing the first electrical 
instrument, a crude form of electroscope, to 
carry out his investigations. From the term 
“electric” thus used by Gilbert, the word 
“electricity ” and its derivatives have orig- 
inated. 

Gilbert asserts that electrics always attract 
and never repel, which brings up the thought 
that if he had as exhaustively experimented 
with their phenomena as he did with those of 
magnets, the science of electricity proper 
might have also received a wonderful ad- 
vancement. Asit is, the relatively few ex- 
periments he made led tothe important con- 
clusion that the attractive property of elec- 
trics is distinct from their substance, in this re- 
spect differing from all previous authorities. 
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It was to magnetism that Gilbert devoted 


almost exclusive attention, and for its study 
invented the first experimental magnetic in- 
strument, a simple though effective device for 
demonstrating that the magnetic properties of 
the earth are identical with those of a spheri- 
cal lodestone. He thus showed that the earth 
acts as a great spherical magnet and thereby 
accounted for the orientation of the magnetic 
needle and its dip. When he came, how- 
ever, to explain the cause of the earth thus 
acting as a magnet, he wrongly assumed that 
its inner material consists of magnetic matter, 
from which the lodestone is produced when 
portions of this matter are ‘‘ transformed into 
metallic stone.” 

He demonstrated that the attractive powers 
of a magnet can be affected only by a screen 
of magnetic metal, while, with respect to 
electrics, action is hindered by the interpos- 
ition of any body—a sheet of paper or linen 
cloth ‘‘ chokes its powers.’’ He established 
that while the attraction of an electric was 
directed from a center, that of a mag- 
net proceeded from the poles—in other 
words, that an electrified body does not 
possess polarity. He tested numerous 
kinds of iron and found that the best 
iron made the best magnet. He discov- 
ered that if a magnet is separated into 
parts, each part becomes a magnet, 
and if these are then reassembled 
“their joint force is one, nor have they 
separate poles; that a pieve of iron 
(steel?) if hammered when in the mag- 
netic meridian becomes a magnet, and 
in general assumes a polarity ‘from 
the direction in which it lies while 
being stretched, or hanimered or pull- 
ed,” or ‘‘according to its position dur- 
ing heating and cooling;’’ that conse- 
quent poles may be given to a magnet; 
that a lodestone packed in iron filings 
lasts longer—this observation contain- 
ing the principle of the ‘keeper `‘ of 
the present forms of magnets. Scores 
of other experimental results are given 
throughout the pages of ‘‘De Mag- 
nete,’’ and while the correct intespre- 
tation is not always applied, the reader 
is none the less impressed with the 
great intellectual power and experi- 
mental skill of this first ‘scientist ” 
in the modern acceptance of the term. 

In his experiments. with magnetism and 
electricity Gilbert is said to have expended 


$25,000, a sum perhaps equivalent to over- 


$200,000 at the present day—an expenditure 
the more notable from the fact that at the 
period when it was made the direct question- 
ing of nature was regarded asa lowering of 
intellectual dignity. 

That Gilbert's work should so soon have 
dropped out of sight may have been due to 
one of several reasons, or more probably to 
all combined. The innovation which the ex- 
perimental and inductive methods tnvolved 
must undoubtedly have seemed strange to the 
philosophers of the period, accustomed as 
they were to dealing with syllogisms rather 
than with facts. Most of these, says Gilbert, 
“are indolent and untrained, add nothing to 
knowledge by their writings and are blind to 
the things that might throw light upon their 
reasonings.’’ Some of the main deductions 
of the book and those most hkely to attract 
criticisi—for example, that the earth's diur- 
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nal motion is due to magnetic causes, and that 
‘the earth, by reason of the same potencies, 
lies ever in the same direction in the uni- 
verse’’—were doubtless early recognized 
as fallacies and resulted in discrediting the 
other contents. The views contained con- 
cerning the variation of the magnetic com- 
pass were incorrect, being based upon the 
assumption that such variations were due to 
“inequality among the earth’s elevations.” 
Perhaps of greatest adverse effect was the 
attitude toward Gilbert of Bacon, whose au- 
thority so long predominated in the realm of 
thought. He describes Gilbert's work as “an 
attempt to raise a general system on the mag- 
net, an endeavor to build a ship out of mater- 
ials not sufficient to make the rowing pins of 
a boat.” The modern opinion which has 
done justice to Gilbert has been adverse to his 
great detractor, whose scientific methods, Dr. 
Lodge says, ‘‘ are the ideas of a brilliant man 
of letters, writing in an age when scientific 
research was almost unknown, about a sub- 
ject in which he was an amateur.” 

As a writer Gilbert is at times more lively 
than would be considered appropriate at the 
present day, constantly indulging in per- 
sonalities and exhibitions of ill temper that 
would be rather out of place in a modern 
scientific treatise. He has little patience 
with previous writers on the subjects of 
which he treats, though in most cases there 
is abundant reason for the contempt which 
he expresses for them. He refers to some 
philosophers as sending forth, like pub- 
lishers, ‘‘ancient things dressed with new 
names and tricked in an apparel of new words 
as in prostitutes’ finery.” Certain writers of 
his generation are declared to deal '' only in 
words that involve in thicker darkness sub- 
ject matter; they treat the subject esoteric- 
ally, miracle-mongeringly, abstrusely, re- 
conditely, mystically;’? their philosophy 
‘rests simply on a few Greek or unusual 
terms—yjust as our barbers toss off a few Latin 
words in the hearing of the ignorant rabble, 
and thus win reputation.” One authority is 
accused of ‘‘sorry trifling, no better than 
wives’ gossip.” A height of indignation is 
reached, however, in a chapter on a magnetic 
perpetual motion machine, which concludes 
with the objurgation, ‘‘ May the gods damn 
all such sham, pilfered, distorted works, 
which do but muddle the minds of the stu- 
dents!” One more passage will be quoted, 
which contains an arraignment of men and 
methods which has some bearing even at the 
present day: ‘‘Men are deplorably ignorant 
with respect to natural things, and modern 
philosophers, as though dreaming in the 
darkness, must be aroused and taught the 
uses of things, the dealing with things; they 
must be made to quit the sort of learning 
that comes only from books, and that rests 
only on vain arguments from probability and 
upon conjectures.” 


The Earth as a Ground Return. 


There isa yreat misconception, says Dr. 
Louis Bell, regarding the conducting power 
of the earth. In some recent experiments, 
one ground plate was placed in a well and 
another imbedded in a mass of filings 3000 
ft. distant and the resistance of the ground 
circuit measured, which was found to be 
66.8 ohms between the plates, 
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What is meant by the variation of the resistance 
of carbon under pressure ? Ww. D.S. 


If a carbon rod has a pressure applied be- 
tween its two ends, the resistance of the rod 
becomes greater or less as the pressure is de- 
creased or increased. Carbon rheostats have 


been constructed on this principle. 


What is a choking coil ? w. D. S. 

If an alternating current passes through a 
coil of wire, a back electromotive force is 
created in that coil, which is vastly increased 
if the coil has an iron core. Introducing 
such a coil into an alternating current circuit 
is similar to introducing a resistance in a 
continuous current circuit, except that the 
formier entails but little loss of energy com- 
pared with the latter. A ‘‘choking ” coil 
is properly an inductance coil, or simply an 
inductance; the first name comes from the 
action of such a coil in choking or throttling 


an alternating current. 

Do all induction coils give an alternating current 
in the secondary? If so, which terminal is the 
cathode as spoken of in descriptions of Röntgen ray 
experiments? W. D.S. 


All induction coils give alternating cur- 
rents, but with a make-and-break primary 
circuit, the secondary current, when repre- 
sented in curve form, is unsymmetrical, as 
shown in the accompanying diagram. The 
secondary electromotive force is much greater 


at “break ” than at “make,” as also repre- 
sented by the same diagram, and thus gives 
a much larger spark in the former case; 
ordinarily when a tube is working, only the 
break current passes, the make current being 
too weak. The “break” or sparking cur- 
rent thus always travels in the same direc- 
tion, so that one of the secondary binding 
posts is actually an anode, and the other a 
cathode, connection. 

How many standard secondary cells would it take 
to supply a Soo ampere current at a pressure of 500 
volts during five hours? E. J. B. 

Assume for an instant a 150 ampere-hour 
cell discharging at the rate of thirty amperes, 
as a standard. Then, as the voltage of each 
cell is two volts, on a §00 volt circuit, there 
will have to be 250 cells in series; moreover, 
as each cell shonld not discharge at a rate 
greater than thirty amperes, for a total dis- 
charge of 500 amperes, there will be required 
seventeen series of 250 cells each, or 4250 
cells in all. In point of fact, the ‘‘standard”’ 
secondary cell is a thing of the past, the 
sizes of cells with respect to discharge rate 
and watt capacity being fixed by the condi- 
tions of each installation, within commercial 
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limits, of course. In the above case, for ex- 
ample, 250 cells having each a discharge rate 
of 500 amperes for five hours would most 
probably be used. | 


In taking Röntgen pictures, is there any advan- 


tage in having the apparatus in a dark room? 
H. C. J. 


Röntgen rays are generated in a vacuum 
tube whether the tube isin the light or dark. 
As the plate holder is closed by an ebonite 
slide through which light will not pass un- 
less it is very intense—in which ,case, be- 
sides, very considerable time would be re- 
quired—under ordinary circumstances it is a 
matter of indifference whether the room in 
which radiographs are taken is lighted or not. 

What sizes of wire and number of turns are re- 
quired for the primary and secondary of an induc- 
tion coil to give a three inch spark. Also, what 


voltage of battery is required to produce the same. 
H.C. J. 


Directions for making a three inch induc- 
tion coil are given in another colunin. It is 
best to determine the exact size of battery by 
experiment, adding cells until a ‘limit is 
reached which is indicated by the required 
length of spark, or heating of the coils, or 
sparking in the turns of the secondary. 
Directions, moreover, would have to be dif- 
ferent for every type and size of cell and for 
primary coils of different resistance, being 
dependent upon the resistance of the primary 
and the internal resistance and E. M. F. of 
the cells. 

What causes the edges of commutatar segments 
to become eaten away on a rio volt dynamo, the 
commutator connections being good? A. L. 

It happens sometimes, especially:with some 
particular forms of commutator, that‘in se- 
curing a cominutator in place on the dynamo 
shaft, it becomes distorted, or, rathér, the 
segments are tilted forward or backward 
from a true radial position. In this case the 
surface of the commutator is ‘‘stepped"’ in- 
stead of being truly cylindrical; the wear 
thus comes on one edge only, and’ is usually 
much increased through sparking éntailed by 
the ‘‘steps.’’ It has been noticed that the 
edges of commutator segments ‘sométimes 
become thus affected even after long use, in 
this case the trouble being ascribed to the 
segments settling. Segments from old com- 
mutators sometimes show from the wear of 
their brush surface that they have been run- 
ning considerably out of radial position. The 
remedy is to set upon the retaining rings and 
turn down the commutator. 

What is the rule for calculating the “volts lost" 
or drop of an electrical circuit? S. B. F. 

The drop results from the resistance which 
is offered by any conductor to the passage of 
an electrical current, which resistance re- 
quires force or volts to overcome it. If the 
resistance of a circuit or any portion of it is 
one ohm, then when ten amperes are passing 
the drop will be 1 X 10= 10 volts. T he drop 
in a mile of No. 6 copper wire (2.1 ohms per 
mile) carrying ten amperes would be 2.1 X 
10= 21 volts. In other words, the drop of a 
whole circuit or of any part of a circuit is 
the product of the current flowing and the 
resistance of the circuit or the resistance of 
any part; or, drop= C R. In practice drops 
are usually spoken of as percentages, a five 
per cent drop on a 110 volt circuit being 5% 
volts if one ampere is flowing. Drop or wir- 
ing tables are used in most cases in laying out 
circuits, thus doing away with calculations, 
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TROLLEY OVERHEAD FITTINGS. 
The adjustable insulated crossover illus- 
trated herewith has been especially designed 


fic. r. 


for heavy service and durability, without, 
however, the addition of unnecessary 
weight. The center casting is so designed 


as to combine the supporting lugs for the in- 
sulating runs, with an extension upward on 
both sides of the main insulator, thus adding 
strength and insuring protection from the 
trolley pole. The movable center piece or 
pivot not only enables this type of crossover 
to be easily taken apart 
for installation, but also 
permits a free oscillating 
movement of the two 
parts, thus giving free 
play to the swaying or 
side motions of the trolley 
wire and preventing the 
breakage of the wires at 
the ends. The crossover 
can be applied to the 
wires in place ina few min- 
utes and without bend- 
ing, cutting or solder- 
ing. The wires are held 
tight in place by means 
of special eccentric blocks 
and bolts, thus prevent- 
ing any tendency of the 
crossover to creep in the 
direction of travel. 

The trolley line sec- 
tion insulator, also shown 
herewith, has a straight 
under-run and strong clamps for fastening 
the trolley wires without soldering. The in- 
sulators, which are thoroughly tested for 
strength before being sent to the stock room, 
will withstand a strain of 2000 lbs. without 
injury. Both the above fittings are made 
by J. Lang & Company, 44 Michigan Street, 
Chicago, and have already entered into large 
use, the North and West Street Railway 
Companies, of Chicago, alone having many 
hundreds in nse. 
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ECLIPSE ELECTRIC LAMP. 

The electric lamp we illustrate is intended 
more particularly as a portable light for bi- 
cycles, carriages, etc., though it is, of 
course, adapted for any use where porta- 


bility isa requisite. The case shown com- 
bines lamp and battery and the method of 
recharging the latter is made plain by the 


FIG. 2.—REPLACING ZINC. 


accompanying cuts. The charge 
is contained in a small tin box, 
and is diluted with water when 
used. The lamp is lighted when 
the case isin a normal position 
and extinguished by turning it 


: 
FIG. I. 


around. This compact battery lamp is 
manufactured by the Eclipse Electric Lamp 
Company, Buffalo, N. Y. 


THE BULLARD TRANSFORMER. 


A new transformer which we illustrate 
herewith, now being placed on the market, 
is claimed by the manufacturers to embody 
the very latest knowledge not only in me- 
chanical construction, but also with respect to 
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all the requirements necessary to attain a 
high degree of economy in practical working. 
The transformer is shown in Fig. 1, in its 
case ready for installation. 


In Fig. 2 is 


ined dette 
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shown the general arrangement of the coil 
ready to be placed in the case. Before the 
coils are finally taped, they are saturated and 
boiled in a compound of high insulating qual- 
ities and then baked into a solid mass by 
being subjected several days to a high tem- 
perature. 

is ọf mica. 


All insulation used about the case 

The coil is not bolted or screwed 
into the case, the design being such that the 
cover when bolted on holds it ina firm and 
rigid position. 

Prof. Henry S. Carhart has reported as the 
results of a recent test on a twenty-light or 
1000-watt transformer,that its efficiency at full 
load was 95.18 and at one-quarter load 91,66, 
the drop being but 2.52 per cent at full load 
and falling to 1.27 per cent at half load. The 
loss found with an open secondary was 33.6 
watts and the rise in temperature after more 
than one hour at full load was only twenty- 


one degs. F. The Bullard transformer is 


FIG. 2. 


manufactured by the Bullard Electric Com- 
pany, Monadnock Block, Chicago, Ill. 


THE BELKNAP-CHAPMAN VOLTAGE 
REGULATOR. 

That perfect automatic regulation of volt- 
age cannot be secured at the terminals of a 
dynamo is, of course, well known, and 
therefore the desirability of a simple attach- 
ment that will enable a constant voltage to be 
maintained on a line is evident, particularly 
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in connection with water power plants and 
where high efficiency incandescent lamps are 
used. The regulator which we illustrate 
has been designed by W. H. Chapman for 
this purpose, havifiy been originated for use 
ini connection with d water power plant where 
the speed of the dynamo sometimes varied 
from g00 to 1400 r. p. m., evel when 
no change was made at the water wheel 
gate. By meansof this regulator the voltage 
of this plant, we are informed, is now kept 
within 14 volts on a 110 volt circuit. 

The device consists essentially of a field 
rheostat operated by a solenoid. As will be 
seen by reference to the illustration, the 
solenoid core operates the arm of a lever 
carrying a stud and contact brush, which 
latter moves over the segments connected 
with the coils of the field rheostat. The 


other arm of the lever carries a weight which 
may be adjusted for any voltage which it is 
The 


desired the regulator shall maintain. 
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VOLTAGE REGULATOR. 


resistance is connected into the shunt field 
circuit, and the connection of its coils to the 
segments is such that the contact brush short 
circuits more or less of these according to its 
position. 

The solenoid is ordinarily in shunt with 
the armature circuit, but may be connected 
to pressure wires leading to some distant 
point of the system where it is desired to 
have the voltage kept most constant. The 
solenoid is built large so as to make the fric- 
tion of its moving parts a small factor of the 
total power; it is of such proportions that the 
lifting force through a range of a couple of 
inches is almost exactly constant. A solenoid 
constructed to expend fifty-five watts is found 
sufficient to operate a field rheostat of the 
kind shown so as to keep changes of voltage 
within two per cent. Larger solenoids oper- 
ate with still greater accuracy. This regu- 
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lator is made by the Belknap Motor Com- 
pany, of Portland, Me. 


INCLOSEKD ARC LIGHT FOR INCANDESCENT 
CIRCUITS. 

The “ Pioneer ” arc lamp shown herewith is 
of the enclosed arc type, one of the great ad- 
vantages of which is that, owing to the arc 
being continuously surrounded by a vapor of 
carbon oxide gases, a lamp will burn a hun- 
dred hours or more without change of car- 
bons. Mr. L. B. Marks, who is well known in 
connection with this form of arc lamp, has 
introduced into the ‘‘ Pioneer ’’ a number of 
improvements, the success of which is dem- 
onstrated by a recent order after a competi- 
tive trial, of nearly 1000 for use in the new 
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are being inclosed, it is possible to run the 
lamp on incandescent circuits at a much 
higher potential than where the arc is not iji- 
closed, so that the ‘‘ Pioneer’? lamp ean he 
run singly, each lamp independent of the 
other. It follows from this also, that one 
lamp cannot rob the other of light, as is fre- 
quently the case where two are run in series. 

Not the least important advantage of the 
inclosed arc is its perfect cleanliness, since 
all the carbon dust is completely consumed, 
and, above all, its perfect qualities as a spark 
arrester, This has an important bearing on 
the insurance question, and the lamp on this 
account has been thoroughly indorsed by the 
fire underwriters. 

As regards distribution of light, which is an 
essential factor, both in outdoor and indoor 
lighting, the inclosed arc hasa decided ad- 


FIGS. I AND 2.—‘‘ PIONKRER’’ ARC LAMP. 


Siegel-Cooper department store in New York. 
Fig. 1 shows a lamp with the globe and 
case removed, and Fig. 2 is an enlarged view 
of the mechanism. The latter, as will be 
seen, is very siinple in character, consisting 
merely of a pair of solenoids actuating the 
clutch mechanism, no springs or auxiliary 
mechanism of any kind being employed. 
The features of the ‘‘ Pioneer” lamp for 
which special claims are made are as follows: 
The lamps require trimming at intervals of 
only ten days or two weeks, while in some 
situations with short hours of burning a 
monthly trimming only would be necessary. 
The lamp does not require cored carbons, the 
ordinary solid carbons being used. This re- 
sults not only in a saving in the cost of car- 
bons, but also in that of trimmming—items 
which, together, aggregate a saving of from 
$15 to $20 per year per lamp. Owing to the 


vantage over the open air arc. The globe of 
the latter always contains zones of shadow, 
while with the inclosed arc the entire sur- 
face of the globe is brilliant, absolutely no 
shadows being observable. The ‘ Pioneer” 
lamp is manufactured by the Electric Arc 
Light Company, 687 Broadway, New York. 


‘STEAM JACKET” OPEN FEEDWATER 
HEATER. 


The special points claimed for the feed- 
water heater shown in the accompanying cut 
are, first, an oil separator which consists of a 
series of perforated plates through which the 
exhaust steam passes, whereby entrained oil 
is very efficiently eliminated; and second, 
the reservoir surrounded by steam, by means 
of which the full temperature acquired by 
the feedwater in its passage over the shelveg 
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is maintained. Ordinarily in open heaters 
the steam simply comes in contact with the 
surface of the water in the reservoir, which 
not only reduces the heating efficiency of the 
apparatus, but also exposes the water to 
radiation through the shell of the heater. 
The outside float is so arranged as to be 
easily accessible in all of its parts in case of 
derangement. The movable head is made 
light but strong, and is fitted with hinged 
bolts. The gasket is made of moulded rubber 
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mechanical parts of this battery are such as 
to make it both handy and economical to 
charge and renew. The Wheelock battery 
is made by J. H. Bunnell & Company, 76 
Cortlandt Street, New York. 


THE COOKSON HEATER, PURIFIER, FILTER 
AND OIL SEPARATOR, 

The accompanying engraving is a sec- 

tional view of a combined feedwater heater, 

purifier, filter and oil separator, and illus- 
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OPEN FEED-WATER HEATER. 


stretched across a boss on the heater ring, 
where it remains when the head is removed, 
and can be re-used indefinitely. Any ordi- 
nary head can be taken off and replaced in 
five minutes. The pans are made of steel, 
light. but strong, and easily removable for 
cleaning, as is also the bottom reservoir if 
necessary. 

This heater, which is made by Wm. Barag- 
wanath & Son, 55 West Division Street, 
Chicago, is designed to meet the demand for 
an efficient, low-priced open heater with the 
best possible arrangement for accessibility 
for cleaning and the most improved arrange- 
ment for removing the oil. 


THE WHEELOCK CONSTANT-CURRENT 
BATTERY. 

The battery shown complete and in detail 
in the accompanying illustrations, is of the 
closed-circuit, constant-current type, and es- 
pecially adapted for electroplating on a small 
scale, for running fan motors, dental tools, 
sewing machines, phonographs, etc,, and also 
admirably suited for operating induction 
coils, such, for example, as those employed in 
Röntgen ray experiments. The zincs rest in 
a trough containing mercury, and are thus 
automatically kept amalgamated as in the 
Fuller battery. The solutions are of cheap 
materials, sulphuric acid and chromic salts, 
and the flat zincs used are easily ob- 
tained, while the jars are of the ordinary 
pattern. The makers state that the capacity 
of a 6 in. X 8 in. cell for one charging is 200 
watt hours and the discharge rate from two 
to fifteen amperes. Other sizes having a dis- 
charging rate as high as Ioo amperes are 
made. The low resistance of the cell is large- 
ly due to the arrangement of the carbons in 
the form of an inverted T in the porous cup, 
by which a comparatively small amount of 
carbon surface produces results usually re- 
quiring a very large surface. The nature of 
the specially treated porous cup, together 
with advantageous combination and pro- 
portion in the solutions used, also con- 
duce to this result. The simplicity of the 


trates the construction and operation of the 
apparatus. By referring to the letters and 
arrows, the respective courses of the steam 
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and water may be easily traced through the 
heater. 

The exhaust steam enters on the left at J, 
where it strikes the baffle plate, I; the oil 
and the water there condensed run down the 
corrugated surface of the plate, and the oil 
finally drained through the pipe M, shown on 
the right. The steam then passes around either 
side of the baffle plate and enters a chamber, 
E, whence it passes up through the pipe C, 
to the upper chamber B, and in this latter 
chamber strikes a spray of feedwater enter- 
ing through the inlet F. The steam re- 
maining uncondensed continues its course 
around the table G, down through C! into 
E', where it strikes the baffle plate I", which 
operates to still further purify and dry the 
steam. Finally, passing around this latter 
plate, the steam escapes through the outlet 
on the right, Jf. 

As noted above, the feedwater is sprayed 
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into the chamber B, through the inlet F, 
where it comes into contact with the steam; 
it then falls upon the table G, and spreads 
out and runs over its edges, when it again 
encounters the ascending and descending 
steam, being thereby thoroughly heated. 
The water thus heated and purified in cham- 
ber B, then passes down through the pipe 
K, between the partitions forming the cham- 
ber, D, into the settling or filtering chamber 
L, whence it is drawn off at N. Thus it will 
be seen that the water is first thoroughly 
heated by the steam in the upper portion of 
the chamber B, then settles into the lower 
portion, where it is further heated by coming 
in contact with the pipes C, C!, the impur- 
ities thereby being removed by settling and 
flowing off. The water then enters the com- 
partment D, where it is heated to a high 
temperature by the steam on both sides of it. 

It will be noted that the table G, extends 
beyond the surface of the pipes C, Ct, this 
being in order to prevent water from run- 
ning down the surfaces of the latter, which 
are also cut away from their center towards 
the center of the heater to facilitate the es. 
cape of the steam and to further prevent water 
from running down. The filtering chamber L, 
may be filled with Excelsior shavings or other 
filtering substances to remove any remaining 
impurities from the water. The impurities 
precipitated in the different chambers are 
removed by blowing off or through manholes 
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COOKSON FEED-WATER HEATER. 
provided for that purpose. This combined 
heater, purifier and separator is manufac- 
tured by the Bates Machine Company, of 
Joliet, Ill. 


THE MORGAN LUBRICATOR. 


The oil reservoir of the lubricator illus- 
trated herewith is of a size to hold a suffi- 
cient supply of oil for the entire machine 
which it serves, and on which it is supported 
at a sufficient elevation to allow the oil to 
reach all wearing parts by gravity. The 
tank has a glass gauge on the side to show 
the height of oil in the tank, and at the bot- 
tom is a trap to collect whatever water may 
find its way into the tank. A wire strainer 
within the tank collects particles of lint or 


other matter liable to clog the oil passages. 


The supply of oil is distributed from the 
reservoir through a main feed pipe, from 
which branches extend, carrying specially 
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constructed oil nozzles. The nozzles con- 
sist of two parts, each of which is provided 
with a threaded tip adapted to a registered 
opening in the upper and lower sides of the 
tube. Through the upper member passes a 
tubular valve stem with a small hand wheel 
on the upper end. When turned down the 
lower end rests in a seat on the upper end of 
the lower member, closing the opening and 
preventing the oil passing into the nozzle. 
The space in the pipe around the valve stem 
permits the oil to pass to other nozztes be- 
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yond, should a branch supply more than one. 
The amount of oil passing through the noz- 


zle is regulated by this valve, and may be. 


observed through the windows in the lower 
chamber of the nozzle. These windows are 
covered by an interlining of mica. 

The entire system is securely enclosed to 
prevent the entrance of dust and dirt. The 
strainers in the reservoir can be quickly re- 
moved for cleaning and every part of the 
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machinery. The Morgan lubricator is being 
manufactured for use with various classes of 
machinery by the inventor, J. W. Morgan, 
Nashville, Tenn. 


THER VINDEX TRANSFORMER. 


The transformer shown in the accompany- 
ing cut has been especially designed to ob- 
tain the smallest possible variation of second- 
ary E. M. F. between no load and full load. 
To this end the cross section of copper has 
been increased, which not only improves the 
regulating qualities of the transformer, but 
also reduces the temperature of the coil, 
which runs at but slightly increased temper- 
ature over that of the surrounding atmos- 
phere. It will be noticed that the coil of the 
transformer is very short, whereby a more 
efficient radiating surface is secured and the 
magnetizing or leakage current reduced. The 
iron laminz of the core proper of the Vindex 
transformer have very close contact from 
being placed under a great pressure after 
building up and previous to the insertion of 
the coil. When the core is placed within the 
coil, the U shaped punchings are assembled 
around the coil, their ends being inserted in 
the openings provided in the core. The 
bright edges of the laminz make good con- 
tact with the bright edges of the core, thus 
making each sheet practically complete in its 
own plane and thereby securing an efficient 
magnetic circuit. The coils are insulated 
with a special insulation which is claimed to 
render the coil absolutely impervious to 
moisture, making it possible to operate the 
coil with perfect safety when immersed in 
water. 


VINDEX TRANSFOEMER. 


apparatus is easily cleaned. The ends of the 
branch tubes are fitted with caps so that a 
cleaning rod may be passed through them. 
By removing a small plug on the top of the 
hand wheel, the opening through the stem 
is exposed and a wire may be passed through 
the nozzle. This work may be done at any 
lime without it being necessary to stop the 


The transformer has a detached fuse box, 
made entirely of porcelain. By removing a 
pin the porcelain fuse plug may be with- 
drawn and the fuse replaced, or a duplicate 
plug reinserted. In the design of the fuse 
box all of the various defects that have de- 
veloped with other types have been avoided, 
and the box has been repeatedly tested at 
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5000 volts, 25 amperes and a frequency of 60 
with perfect success. The design is such 
that it may be placed either upon the face of 
across arm, ona building or upon the con- 
vex surface of a pole. The ‘ Vindex" 
transformer is made by R. Ralph Lane & 
Company, Monadnock Block, Chicago. 


NEW BOOKS. 


ELECTRICAL LAW OF THE STATE OF NEW YORK. 
By Wendell V. R. Barnard, Albany, N. Y. Banks 
Brothers. 172 pages. Price $r. 

A concise treatise on electrical law as existing in 
the state of New York, citing all of the federal and 
state statutes on the subject and some hundreds of 


` cases in interpretation thereof. 


WESTINGHOUSE ELECTRIC STREET CAR EQUIP- 
MENTS. By Frederick L. Hutchinson and Leo A. 
Phillips. 91 pages, 40 illustrations. Price, $1. 


This useful little book contains a description of 
the various motors, controllers and other electric 
street car apparatus manufactured by the Westing- 
house Company, together with detail instructions 
for the operation, inspection and repair of the same, 
and directions for locating and remedying faults. To 
those in charge of or handling Westinghouse street 
railway apparatus, this book should prove invaluable, 
while others who may desire to know something of 
the practical side of electric railways will find in it 
much to interest them. 


JOHNSTON’S ELECTRICAL AND STREET RAILWAY 
DIRECTORY FOR 1896. New York. The W. J. 
Johnston Company, 832 pages. Price $5. 

This work, the only one of its kind published in 
this country, contains lists of electric light central 
stations, isolated plants, mining plants, street rail- 
ways, telegraph, telephone and district messenger 
companies, and the names of manufacturers and 
dealers in electrical and street railway apparatus, 
machinery and supplies. The scope of the directory 
is not confined to the United States, but includes 
Canada, Mexico, Cuba, Central and South America. 
According to the figures given in the directory, 
there are now in the United States and Territories, 
Canada, Cuba and Mexico, 2711 electric light central 
stations and 1140 street railways; 828 of the street 
railways, witha mileage of 14,850, are operated by 
electricity, and 312, with a mileage of 2300, by horse, 
steam or cable power. The directory also publishes 
a list of 7150 manufacturers, dealers, electrical en- 
wineers, etc., engaged in or catering to the electrical 
business. 


TRADE PUBLICATIONS. 


Purifiers and Heaters. The Hoppes live steam 
feedwater purifier and exhaust steam feedwater 
heater forms the subject of a well illustrated cata- 
logue bearing the imprint of the Hoppes Manufact- 
uring Company, Springfield, O. This well known 
apparatus is shown in several forms, and every de- 
tail of their construction made plain by accompany- 
ing engravings. 

Projectors and Search Lights. In a pamphlet 
issued by the Rushmore Dynamo Works, of Jersey 
City, N. J., a number of types of electric reflectors are 
illustrated and described, ranging in size from those 
used in the largest warships. Several full page cuts 
show various interiors of the Rushmore works, from 
which a good idea of their extent and equipment 
may be obtained. 


Electrical Measuring Instruments. Jas. G. Bid- 
dle, Drexel Building, Philadelphia, in a circular 
dated April, 1896, illustrates and describes in detail 
the Rowland-D’Arsonval galvanometer, and another 
circular of the same date is devoted toa “ prelimi- 
nary catalogue”’ of electrical measuring instruments 
of recent design. A third circular, dated May, 1896, 
relates to Weston and Bristol instruments, tacho- 
meters, etc. 


Lafayette Dynamos and Arc Lamps. The latest 
catalogue of the Lafayette Engineering & Electric 
Works, Lafayette, Ind., is an unusually handsome 
specimen of the printer’s and engraver's arts. In it 
are described in detail the bipolar and multipolar 
dynamos and motors and types of arc lamps manu- 
factured by this firm, as well as various kinds of 
electrical appliances. But few electrical catalogues 
have been executed as artistically as this handsome 
pamphlet. 
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_ Municipal Street Railway Problem. ‘The John- 
5on-Lundell Electric Company, 29 Broad Street, New 
York, in a neat pamphlet describes the principles of 
the Johnson-Lundell electric railway system, now in 
operation on a portion of West Thirty-Fourth Street, 
New York. The description is in simple non- 
techuical language, and refersto a surface-contact 
method of transmitting current to a car which is 
claimed to have decided advantages over both the 
trolley and open conduit systems for municipal serv- 
ice. 

The K. A. K. Electric Railway System. Under 
this title, Messrs. Krotz, Allen & Kelly, of Spring- 
field, O., have issued a handsome pamphlet describ- 
ing a surface and subsurface system of electric trac- 
tion for street and elevated railways, and for use on 
present steam roads. The principal feature of the 
system is a conduit supported, in the two latter cases, 
on the track ties at a distance of about six inches 
from the rail, or in the case of street railways, in the 
middle of the track, having the top flush with the top 
of the rails and the surface of the paving. 


Lightning Arresters. Ina large page pamphlet 
issued by the Westinghouse Electric & Manufactur- 
ing Company, Alexander Jay Wurts presents an in- 
teresting contribution to the subject of lightning 
discharges and lightning arresters, under the title of 
“ Current Practice in Protecting Electrical Appara- 
tus Against Lightning.” While frankly written in 
the interest of the Wurts lightning arrester, much 
of the matter contained relates to the subject in its 
general aspect, such as the nature of lightning dis- 
charges, fundamental principles of lightning pro- 
tection, etc. As a treatise on the protection of elec- 
tric lines from lightning, this pamphlet will be of 
much interest and value aside from the commercial 
object it has in view. 

A Handsome Engine Catalogue. Few dealers in 
or makers of objects of fine art issue handsomer cat- 
alogues than some manufacturers of electrical and 
mechanical apparatus, and among the latter are num- 
bered A. L. Ide & Son, of Springfield, IIl, whose 
most recent catalogue of ‘Ideal’’ engines is an artist- 
ic production in every sense. This is no more than 
appropriate, as indicated by the title ‘‘ High Art En- 
gines,” for tasteful and harmonious mechanical de- 
sign is no less pleasing tothe eye than that produced 
by the brush or chisel of the artist. In the thirty-two 
pages of the pamphlet more than a score of finely 
executed and well printed illustrations show every 
detail of the Ideal engine and all the various types, 
some of which are illustrated direct coupled to dy- 
namos. 


EXHIBITION NOTES. 


Stanley & Patterson, 32 Franklin Street, New 
York, show a large number of specialties in their 
booth, both in house and electric lighting appliances 
and supplies. 


The Hart & Hegeman Manufacturing Company, 
Hartford, Conn., was represented at the Electric 
Light Convention by A. H. Pease and Gerald W. 
Hart, who have made many new friends for the 
company among the electrical trade. 


The Joseph Dixon Crucible Company, Jersey 
City, N. J., has a handsome display of its various 
lines of manufactures, ranging from roof paint to 
lead pencils, crucibles and all manner of lubricants. 
The exhibit is in charge of John H. Baird. 


The Ferracute Machine Company, Bridgeton, 
N. J., has several of its presses on exhibition oper- 
ated by Crocker-Wheeler motors, one of which is en- 
gaged in stamping souvenirs from sheet aluminum. 
The exhibit is in charge of W. S. Mitchell. 


The Keuftfel & Esser Company, 127 Cortlandt 
Street, New York, has a large and well displayed 
exhibit of drawing materials, surveying instru- 
ments, indicator scales for steam and electrical dia- 
grams. One case is occupied by many forms of 
slide rule calculators. 


The Forest City Electric Company, Cleveland, O., 
has on exhibition samples of its roll drop and forged 
commutator bars, finished commutators, ete. W. 
B. Cleveland, president, and J. C. Dolph, Eastern 
representative, are in attendance making hosts of 
new friends among trade visitors. 


A. O. Schoonmaker & Company, 158 William 
Street, New York, has a tastefully displayed exhibit 
in charge of A. O. Schoonmaker, including samples 
of solid sheet mica cut in segments, rings and wash- 
ers, as well as samples for all the other purposes for 
which mice is used in electrical mauufacture. 
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The Bradtord Belting Company, of Cincinnati, O., 
has a display of Monarch paint and Monarch belts 
in a booth tastefully designed and decorated with 
bunting and growing plants. The exhibit is in 
charge of O. M. Hubbard, of Cincinnati, and Elmer 
P. Morris, the Eastern representative of the company. 


The Washburn & Moen Manufacturing Com- 
pary, 16 Cliff Street, New York, has a handsomely 
fitted up space occupied by wire of all kinds and all 
sizes. Handsome cases to the rear and to the sides 
of the booth are filled with coils, spools and sections 
of wire, artistically arranged and creating a very 
pleasing appearance. 


The Cutter Electrical & Manufacturing Com- 
pany, 1112 Sansome Street, Philadelphia, has a hand- 
somely arranged display of its line of I. T. E. circuit 
breakers and C. S. flush switches, underload and 
overload circuit breakers for use with motors, etc. 
The company is represented by H. B. Cutter, A. Fd- 
ward Newton, W. E. Harrington, and S. N. Nichol- 
son. 


W. Goldstein, 630 Water Street, New York, is rep- 
resented at the exhibition by Albert G. Schreiber 
and W. Goldstein, who preside in a booth 
handsomely decorated in yellow and white bunting, 
Various large specimens of scale are shown which 
have been removed from boilers by the ‘ Boiler 
scale Eradicator," a compound that has a fine 
record, 


The Peru Electric Manufacturing Company, Peru, 
Ind., shows neatly arranged samples of the goods of 
its manufacture, consisting of porcelain in all the 
various shapes and sizes used for electrical purposes. 
There is also a sample display of the original Laclede 
and Hercules batteries. R. H. Bouslog and J. T. 
Stevens, secretary and treasnrer, have charge of the 
exhibit. 


The Bi-Metallic Electric Transmission Com- 
pany, Havemever Building, New York, has a space 
in the booth of the John A. Roebling’s Sons Com- 
pany, who are the manufacturers forthe Bi-Metallic 
Company of its widely known bi-metallic wire for 
telephone and other purposes. The exhibit is in 
charge of Mr. Willard M. Miner, electrician of 
the company. 


The Ball Electric Company, 407 West 27th Street, 
New York, is represented by one of the best known 
electric light men in attendance at the Exhibition, 
W. J. Morrison. One of the Ball new improved roo 
light, 2000 c. p. dynamos and a new improved ṣo 
light, 1200 c. p. dynamo are shown, the former unas- 
sembled, and the latter forming part of a complete 
station equipment. 


Charles A. Schieren & Company, 45 Ferry Street, 
New York, has a belting exhibit which is exhaustive 
in its line, consisting of electric and perforated elec- 
tric brands of leather belting for use in connection 
with dynamos, street railway generators and all 
kinds of high speed work. C. A. Schieren, Jr., and 
E. P. Atkinson are on hand, as usual, entertaining 
their old friends and making new ones. 


The Calculagraph Company, 2 Maiden Lane, 
New York, has an exhibit of a number of calculat- 
ing machines, one of which is combined with a tele. 
phone switchboard for keeping account of calls. 
Another is adapted for telegraph and district mes- 
senger service, designed to show lapse of time and 
value of time in dollars and cents. Henry Abbott, 
president, and H. Hamilton are in charge. 


The E. G. Bernard Company, Troy, N. Y., shows 
a handsome rotary transformer in the booth of 
Stanley & Patterson. The machine consists of two 
of the well known form of Bernard machines 
mounted on a common base, the two armatures 
being on a common shaft. The combination, which 
isof about 24 k. w., is much admired for both its fine 
mechanical execution and handsome finish. 


Hugo Reisinger, 38 Beaver Street, New York, in 
an attractive booth decorated in white and gold 
makes an excellent display of ‘‘ The Electra” high 
grade Neurnberg arc lamp carbons, Crown micro- 
phone and battery carbons, carbons for smelting 
anodes, etc. Visitors are presented with a handsome 
note book in celluloid as a souvenir. J. T. Outwater 
and Fred W. Nolker are in charge of the exhibit, 


The Standard Paint Company, Si John Street, 
New York, has a most attractive display of samples 
of the famous P. & B. compound, including arma- 
ture and field coil varnish, insulating paint, insul- 
ating tape and paper, rubberoid roofing and preserv- 
ative paints. This large exhibit is very attractively 
arranged and the booth decorated with national 
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fags. F. S, De Ronde, F. F. Vandewater and J. W. 
Richards entertain hosts of callers. 


The Standard Thermometer Company, of Pea- 
body, Mass., has an interesting exhibit in the booth 
of the J. H. McEwen Manufacturing Company, con- 
sisting of various styles of arc lamps in the manu- 
facture of one type of which—that for incandes- 
cent circuits—this firm has been a pioneer. A tele- 
manometer attached to a steam pipe shows the 
manner in which steam pressure may be indicated 
at a distant point by means of electricity. 


The Sprague Electric Elevator Company, 253 
Broadway, New York has a large and prominent 
space facing the canal towage model, where there is 
installed a multiple sheave electric passenger eleva- 
tor of the type which has so largely entered into 
use thronghout the United States. There are also 
shown a tandem gear drum elevator, a house eleva- 
tor and elevator regulators, switches and detail 
parts. M. B. Kett is in charge of the exhibit. 


The John A. Roebling’s Sons Company, Trenton, 
N. J., has one of the most popular booths, if the 
large number of visitors always present can be ac- 
cepted as a criterion, In the booth, which has 
rather the appearance of a handsome reception 
parlor, are shown samples of all the numerous 
grades of wire made by this old established firm, 
Among those on hand to entertain friends are 
Messrs. W. L. Doyle, M. R. Cockey, E. W. Swan and 
A. M. Whitaker. 


H. B. Coho & Company have on the ground floor 
an exhibit consisting of two complete generating 
plants. One comprises a forty kilowatt Eddy gen- 
erator direct connected toan Ideal engine, the frame 
common to both being supported on three points 
without bolts or fastening of any kind. The other 
consists of a thirty kilowatt Eddy generator direct 
connected toa Watertown engine. H. B. Coho was 
present at the convention, and R. J. Mulligan had 
charge of the exhibit. 


The Weston Electrical Instrument Company, 
Newark, N. J., has one of the most interesting ex- 
hibits in the Hall, and contains, in fact, one of the 
most remarkable objects there displayed—an ampere 
meter of 180,000 amperes capacity. Among other ob- 
jects in this very neatly arranged display that attract 
particular attention are a number of huge shunts 
used in connection with ampere meters for measur- 
ing currents of very large volume. A. J. Pionnet has 
charge of the exhibit. 


The Mica Insulation Company and Eugene Mun- 
sell & Company, 215 Water Street, New York, 
have a space full to overflowing of samples of their 
mica for every possible use to which mica can 
be put in the manufacture of electrical appara- 
tus. Among the object exhibits are two large 
complete commutators shown insulated in skeleton, 
and one No. 16 Edison armature body showing mica 
insulation complete. C. W. Jefferson, manager, and 
E. C. Wood represented these companies at the Ex- 
hibition. 

Huebel & Manger, 28 Graham Street, Brooklyn, 
N. Y., have a most comprehensive display of their 
line of electrical specialties, consisting of push but- 
tons, gas lighting keys, wood and iron box bells of 
every description, from a small 2% in. house bell to 
a fifteen inch fire alarm bell. O. H. Huebel and F. 
W. Manger are on the ground making many new 
friends among the trade visitors. W. W. McChes- 
ney, Jr., who has just returned from a most success- 
ful business trip to the Pacific Coast, is in charge of 
the exhibit. 


The Partrick & Carter Company, 125 South Second 
Street, Philadelphia, have a display which stands 
out very prominently in the hall, and attracts much 
attention, They show many new specialties and it 
is worthy of note that all of their goods on exhibi- 
tion are taken from stock, none having been spec- 
ially made or furnished for the occasion. Their 
representatives on hand are E. Ward Wilkins and 
Thos. L. Townsend, whose wide acquaintance 
among the trade is evidenced by the numerous 
greetings they receive. 


The Dieh! Manufacturing Company, Elizabeth- 
port, N. J., were represented by G. J. Knight and C. 
A. Bramhall, and is fortunate in possessing among 
its own manufactures highly decorative features for 
its booth, the ceiling fans displayed admirable lend- 
ing themselves to this use. A part of its exhibit, 
which attracted the attention of the ladies, was a 
sewing machine inlaid with pearl and run with one 
of the new Diehl balance wheel motors. The Knight 
arc lamp was also present in numbers, as well as an 
exhibit of the new Dieh! multipolar dynamo, 
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The Gordon-Burnham Battery Company, §2 West 
Broadway, New York, makes a display of fine effect 
merely by artistically grouping in a varied manner 
a large number of Gordon cells and parts of cells. 
There are few visitors who pass this booth without 
stopping and examining the Gordon cell, which 
seems to attract the attention of all classes of visit- 
ors, both electric and lay. The fact that this battery 
is admirably adapted for use in making Röntgen ray 
experiments, adds to its interest. R. W. Gordon, 
vice-president, and W. C. Banks, electrician of the 
company, are in charge of the exhibit. 


The J. H. McEwen Manufacturing Company, 26 
Cortlandt Street, New York, shows on the ground 
floora ioin. ~ 10 in. McEwen engine anda forty kilo- 
watt direct connected Thomson-Ryan generator. By 
means of a water rheostat a load may be thrown on 
to the latter up to fifty per cent of its capacity. An 
indicator is connected in order that cards may be 
taken at any desired load and a speed indicator at- 
tached shows fluctuations in speed. The exhibit is 
in charge of J. H. McEwen, president of the com- 
pany, and F. G. Bolles, Eastern agent. In the same 
space is shown Jerome metallic packing. 


The Bishop Gutta Percha Company, 422 East 
Twenty-fifth Street, New York, has a very interesting 
exhibit of wires. among which are included samples 
of the cable used in lighting Gedney’s Channel, and 
a section of gutta percha conduit which has been 
used between New York and Blackwell's Island 
for over fifteen years, which well illustrates the 
great durability of gutta percha under water. There 
are also samples of every description of flexible and 
other electric wire, including marine wire for use in 
wiring men-of-war. W. W. Marks, superintendent, 
and H. D. Reed have charge of the exhibit. 


The Simplex interior Telephone Company, Cin- 
cinnati, O., has on exhibition an intercommunicat- 
ing interior telephone, extremely small and compact 
in size. An idea of its efficiency may be obtained 
from the fact that on the opening night of the ex- 
hibition, 250 calls were forwarded from five stations 
in different parts of the building. This company 
has also a simple and efficient residence, two-station 
instrument, as well as a system for hotel use. Its 
neat device for attaching instruments to an office 
desk is much admired. W. L. Bradshaw, presi- 
dent and general manager, is in charge of the ex- 
hibit. 

The Okonite Company Ltd., Postal Telegraph 
Building, New York, occupies a handsomely fitted 
space in a prominent position facing from the left 
on main entrance aisle. The booth is handsomely 
decorated with yellow bunting with the familiar 
Okonite trade mark prominently displayed. An in- 
teresting feature of this exhibit is a lump of fine 
Para rubber weighing 697% lbs. The numerous 
samples of wire and cable, ranging from the small- 
est size to the largest in commercial use, illustrate 
the comprehensive extent of the manufactures of 
this company. The Okonite company is repre- 
sented at the exhibition by Capt. W. L. Candee, Geo. 
T. Manson and Romaine Mace. 


The Safety insulated Wire and Cable Company 
has one of the striking featurss of the show, besides 
a display of all manner of aerial, underground, sub- 
marine wires and cables for power, electric light, 
telegraph and telephone service to attract attention. 
The electrical visitor is highly interested and the lay 
visitor amazed by an ingenious advertising novelty 
manipulated from the booth. This consists of an 
electric signboard upon which sentences are written, 
one word after another, in ordinary longhand, the 
letters and words standing out in light. In addition, 
all manner of picturesque views and portraits are 
thrown on the board to amuse the audience. Among 
representatives of the firm to be seen about the 
booth are H. ‘IT. Richards, IL. R. Clark, Jr., Ira W. 
Henry, A. P. Eckert and L. F. Requa, Jr. 


The Fort Wayne Electric Corporation, Fort 
Wayne, Ind., is represented by H. C. Adams and F. 
H. Leonard. The large booth occupied by this com- 
pany contains representative types of Ft. Wayne 
machinery and apparatus, among which are sev- 
eral single phase alternating current motors. 
These latter, which formed the subject of a paper 
read by Mr. Leonard betore the National Electric 
Light Convention, attracted much attention from 
visitors and, in fact form one of the few exhibits 
in the hall marking a considerable devolopment in 
electrical design Among other exhibits which at- 
tract particular attention are the Wood meters 
and Wood rotary transformers. The same company 
has on the ground floor a working exhibit of a six- 
pole twenty-five kilowatt incandescent dynamo di- 
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rect connected to a Woodbury engine running at 300 
r- p. m. 


The Interior Conduit & Insulation Company, ‘27 
West Thirty-fourth Street, New York, occupies one 
of the largest spaces in the hall, facing the model of 
the Niagara Falls power plant. Among the many 
exhibits is a direct connected plant specially de- 
signed for marine purposes, consisting of a fifty 
horse power Lundell generator direct connected 
to a Case engine. Numerous sizes of Lundell 
motors may be seen, ranging from 1-12 h. p. upto 35 
h. p. A Mason & Hamlin organ’ forms part of the 
exhibit, being operated by a Lundell organ-blowing 
outfit, and a Cottrell printing press operated by a 
Lundell motor furnishes another object lesson 
on the application of electric power. A complete 
line of brass armored, iron armored and unarmored 
insulated conduits is shown, including all forms of 
fittings. Other exhibits are several dental outfits 
run by Lundell motors, Johnson double pole 
switches, etc. Among the representatives of the 
company seen about the exhibits are: E. B. Kittle, 
Geo. H. Kimber and D. C. Builard. 


The Stanley Electric Manufacturing Company, 
Pittsfield, Mass., occupies not only one of the most 
prominent positions in the Exhibition Hall, but has 
also the pleasure of seeing its exhibit recognized as 
one of the particular centers of attraction. Several 
score of articles are on exhibition in this booth, in- 
cluding various forms of switches, measuring instru- 
ments, and an 150 k. w. 2000 volt generator. This 
generator, which is of the inductor type, is admir- 
ably disposed for a thorough examination, and fur- 
nishes a commendable object lesson on the perfec- 
tion to which electrical design and execution is now 
carried. Among other exhibits that attract particu- 
lar attention are a static ground detector and several 
forms of switches for high tension currents. In some 
of these switches the spark is cut off by shutters 
which close behind the knife blade when it is with- 
drawn. Among those who have been present in the 
booth are Henry Hine, general manager, Wm. Stan- 
ley, Jr., John F. Kelly, W. W. Gamewell and Theo- 
dore E. Theberouth. 


The Crocker-Wheeler Electric Company has an 
exhibit which would attract visitors none the less 
were it located in other than the conspicuous pos- 
ition it occupies, which isin the main halland facing 
the Niagara model. Amongthe machines and parts 
of machines shown are several rotary transformers, 
a mill type of motor and controller, a 300 h. p. arma- 
ture, a 112 h. p. armature for direct engine connec- 
tion, an electric pump, an electric hoisting engine, 
an electric sensitive drill, ete. On the ground floor 
the same company has a 250 volt. compound wound 
dynamo, driven by a New York Safety engine, aud 
in several other prominent exhibits Crocker-Wheeler 
motors form part of power apparatus. H. L. Lufkin 
and F. B. De Gress are in charge of the exhibit. On 
Thursday night, by invitation, a large nuinber of the 
members of the National Electric Light Convention 
and others visited the Crocker-Wheeler factory at 
Ampere, N. J., where they were the guests of Dr. S. 
S. Wheeler, who personally showed them over these 
very complete works. 


The Westinghouse Electric & Manufacturing 
Company, Pittsburgh, Pa., has an exhibit in a 
prominent position under the arched roof at the 
main entrance. A number of Tesla two phase 
motors are shown, and also two Tesla single phase 
self starting motors. Much attention is attracted by 
a demonstration of the principles of induction by 
means of very simple apparatus consisting of sev- 
eral coils of wire. A Shallenberger alternating cur- 
rent meter is shown with the case off and connected 
toa lamp board containing twenty-two Sawyer-Man 
lainps, thus giving a practical illustration of the 
working of the meter. The most striking exhibit of 
all, however, is a small two phase motor under the 
neighboring Niagara model, which, during the even- 
ing obtains current from the Niagara Falls power 
station over Western Union wires, and operates a 
water pump which supplies water to the turbines in 
the model of the Niagara Falls power plant. Dur- 
ing the convention, C. F. Scott, W. F. Zimmerman, 
Lemuel Bannister, Calvert Townley, H. A. Cragin 
and other representatives of the company were 
about. E. H. Heinrichs, press agent, was also on 
deck during the electric light convention. 


The General Electric Company's exhibit at the 
exposition is rather a pervading presence than a 
specific exhibit of its manufactures. The space oc- 
cupied by the company is at the base of the south 
wall of the hall. It is enclosed by a pillared cornice 
studded on the outside with a line of special six 
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candle power miniature yellow lamps, broken at the 
top of each pillar by a group of four violet lamps of 
the same candle power and on the inside with 240 
volt, sixteen candle power, frosted lamps. Above the 
space against the wall is a large monogram, with the 
initials of the company set in different colored min- 
iature lamps. The right of the space is occupied by 
a stand supporting a number of swiveled frames 
containing photographs of some of the important 
work done by the General Electric Company, such 
as the nincty-six ton B & O electric locomotive, the 
great Portland and Sacramento power transmis- 
sions and other installations of similar magnitude. 
To the left of the space stands an ornamental stand- 
ard carrying arc lamps of the long burning, constant 
potential, direct and alternating incandescent and 
power circuit types. On the tables are a number of 
samples of the new line of measuring instruments 
for alternating circuits, some of the new alternating 
current fan motors and two samples of the new type 
H transformers. The space is enclosed with a 
unique railing formed of railway feeder cable sup- 
ported by insulated suspensions and turnbuckles. 
The lamp department has an exhibit of its own 
in a small room tothe left of the main space. The 
principal feature of this is a display board, on which 
is mounted a sample of every kind of incandescent 
lamp, outside the miniature category, manufactured 
by the company. Ona stand in the center of the 
room are two boards, one carrying a variety of 
samples of candelabra, miniature and decorative 
lamps, the other samples of battery lamps. In this 
case, the smallest incandescent lamp manufactured 
is shown about the size of a small pea. Several of 
the ornamental illuminated designs gotten up by 
this department are used to embellish the room. 
Attached to the ceiling is a beautiful sun, the wall is 
adorned with a four leaved clover and horse shoe, 
anda patriotic device with the eagle surrounding 
the U. S. shield on which the colors are shown in 
small lamps. The two other designs are entitled 
“ Mischief Brewing” and “Homeward Bound.” 
The first represents a little witch bending over a 
seething pot beneath which glistens a red fire, while 
fays and sprites appear and disappear and a grew- 
some, green eyed cat glowers from beneath the 
witch's pointed hat. ‘‘ Homeward Bound "isa full 
rigged ship tossing and pitching on her way through 
the moonlit waters, her port and starboard lights 
showing as she appears wafted toward the specta- 
tor. The company was represented by during the 
time of the couvention by S. D. Greene, J. R. Love- 
joy, W. L. R. Emmet, J. Kirkland, H. C. Wirt, W. 
Fulton, J. M. Andrews, of the Schenectady Ofħce; 
Chas. T. Hughes, T. Beran, C. Gundacker, C. G. 
Davenport, George D. B. Greene and others from 
the New York Office; C. B. Davis, F. M. Kimball, 
Haley, Ives and Bush of the Boston Office; H. J. 
Buddy. of the Philadelphia Office; W. F. Hays, of 
Hays, of Cincinnati Office; A. E. Giles of the Atlanta 
office and A. D. Page M. K. Eyre and McAllister of 
the Lamp Works, at Harrison. 


BUSINESS NEWS. 


The Standard Paint Company has removed its 
Chicago office, of which J. C. Shainwald is manager, 
to 18 Fifth Avenue. The whole second floor will 
be occupied by offices and stock room. 


E. M. Scribner, who for a considerable time has 
been connected withthe Western Electric Company, 
Chicago, has entered into a responsible position with 
the Bryant Electric Company at its factory in Bridge- 
port, Conn. 

E. P. Roberts, president of the Correspondence 
School of Technology, has been appointed by Yost & 
Packard. architects, as consulting engineer for the 
electric, hydraulic and sanitary engineering for the 
new Ohio State Asylum for the Insane, Massillon, O. 


The Crown Woven Wire Brush Company, Salem, 
Mass., has had transferred to it the business of F. S. 
Burke, which gentleman will hereafter act as mana- 
ger of the new company. The manufacture of both 
the Crown and Crown “K” brushes will be con- 
tinued. 


W. W. McChesney, Jr., bas just returned from an 
extended trip of some two months through Califor- 
nia and the West, in the interests of Huebel & 
Manger, of Brooklyn. On his trip Mr. McChesney 
secured some good orders and reports the business 
outlook as promising, 


The Card Electric Company, Mansfield, O., has 
been awarded the contract for supplving the Ohio 
State Reformatory with two direct connected multi- 
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polar generators at sixty-six kilowatts each at a 
speed of 250 r. p.m. The generators will be direct 
coupled to Ball engines. 


W. H. Sills & Company, Chicago, have removed 
their offices and factory to sọ Lake Street. This 
change is made necessary in order to have larger 
facilities for carrying on the firm’sextensive mica 
business. All grades of mica in sheet or cut to any 
size are their leading specialties. 


The J. H. McEwen Manufacturing Company has 
closed contracts for a long list of steam and electri- 
cal apparatus, comprising sixteen generators rang- 
ing from 200 k. w. to 25 k. w. capacity, mostly in 
larger sizes, and nineteen engines ranging from 
14 œ 28 `x 20 tandem compound to 8 ` ro simple en- 
gines. 


The Sunbeam incandescent Lamp Company has 
removed its offices from too Washington Street, Chi- 
cago, to the Monadnock Block. The Western agen- 
cies of the Cutter Electrical & Manufacturing Com- 
pany, of Philadelphia, and the Lakon Company, 
mannfacturers of the Lakon transformer, which are 
in charge of F. S. Terry, have been removed to the 
same address. 


The F. H. Cornell Company, 461 Fourteenth Street, 
New York. has received a very flattering testimonial 
from the Tuscawaras Electric Company, of Canal 
Dover, O. concerning the Hercules oil injector, which 
is stated to save the company a large amount of 
money over the old way of cleaning boilers,and keeps 
the boilers perfectly clean. The letter adds that its 
use saves not only expense for cleaning, but also in 
coal. 


The Metropolitan Electric Company, Chicago, 
has just taken the agency for the Diehl Manufactur- 
ing Company, of Elizabethport, N. J., and will carry 
in stock a complete line of its ceiling fan motors. 
‘The Diehl Manufacturing Company is the oldest 
manufacturer in the country of ceiling fan motors 
in their various shapes and styles, and the Metro- 
politan Electric Company is fortunate in securing 
this agency. 

The Orient Electric Company, Youngstown, O., 
has recently opened a Chicago office at 1628 Monad- 
nock Block. ‘The office is in charge of T. 5. Lane. a 
salesman of wide experience in the electrical field. 
This company is manufacturing a high grade incan- 
descent lamp, special attention being given to testing, 
so that the output of the company comprises the best 
quality. The manufacturing part is in charge of C. 
N. Sadler, a well known practical lamp maker. 


Tho Sawyer-Man Electric Company. The board 
sof direc, OTS of the Sawyer-Man Electric Company 
announces yhat this pioneer company has been re- 
organized, ana that the manufacture of the cele- 
brated Sawyer-Mani incandescent lamps will at once 
be resumed. This will doubtless be welcome news 
to former users of the Sawyer-Man lamp, who were 
proverbially strong in their faith in its merits, and 
of scarcely less interest to every user of incandescent 
lamps in the country. 


John Gorman, for twenty years practical elec- 
trician and dealer in electrical apparatus in St. Paul, 
will represent the Metropolitan Electric Company, 
of Chicago, in handling N. I. R. wire, Metropolitan 
lamps, '" Mac” tape, P. & B. compound varnish, 
ete. Mr. Gorman is prominently identified in elec- 
trical interests in St. Paul and Minneapolis, and has 
done a large share of the electrical work in that 
section during the last twenty years. The Metro- 
politan Electric Company can be congratulated in 
getting Mr. Gorman to handle its goods. 


Charles Wirt, 1028 Filbert Street, Philadelphia, 
has enlarged quarters and increased facilities for 
the manufacture of the Wirt dynamo brush. Mr. 
Wirt reports that he has been making radical 
changes in methods of manufacture, as the old 
methods were too slow to keep pace with increasing 
business and too expensive to meet competition. 
‘The Wirt brush of to day is being modified to suit 
different classes of machines, as it has been proved 
that the best combination of material for one case 
is not the best for every case. 


Queen & Company, of Philadelphia, are to be 
congratulated upon the extremely creditable man- 
ner in which they have emerged from their busi- 
ness troubles. The assignee has turned over the 
business to the original company, having paid the 
creditors in full, and reassigned the estate with a 
surplus of $200,000. At a meeting of the board of 
directors of Queen & Company, Incorp., the follow- 
ing gentlemen were elected officers of the company: 
J. C. Gray, president, S. L. Fox, vice-president, and 
J. M. Hazel, secretary and treasurer. 
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The Armorite Interior Conduit Company, of De- 
troit. Mich., is now manufacturing a complete inter- 
ior conduit system known as the ‘ Armorite,”’ which 
it claims is cheaper and better than any other con- 
duit system in the market. Tubes are made in sizes 
from 34 in. inside diameter to three inches, all in ten 
foot lengths and lined with a prepared wood cut in 
semi-cylindrical section and forced into the armor, 
thus securing, when completed, what is claimed to 
be the highest insulation. Ordinary bends up to one 
inch conduit can be made cold on the job by the 
workmen, l 


The Sunbeam incandescent Lamp Company, 1510 
Monadnock Block, Chicago, is making a specialty 
of manufacturing the Sunbeam X ray tube. The 
tubes are all tested before leaving the factory by 
giving photographic or time tests. Among the pho- 
tographs taken recently was that of a sparrow. 
When completed the photograph contained two 
dark spots which on inspection, proved to be shot, a 
fact which was not before known. The company is 
sending out a circular, which may be had for the 
asking, giving some very interesting cuts showing 
objects photographed with its tubes. 


The Electric Arc Light Company has fitted up 
elegant offices at 687 and 689 Broadway, New York, 
anda fine laboratory at 250 and 252 Mercer Street, 
New York City. The “Pioneer” lamp, which is 
manufactured by this company, has won the con- 
fidence of several parties representing a capital of 
over $2,000,000 and who are now backing the Electric 
Arc Light Company. Vigorous proceedings, the 
company states, have been brought against persons 
using infringing lamps. A suit has recently been 
brought in the United States Circuit Court against a 
prominent firm for such infringement. 


C. C. Sibley & Company, selling agents for the 
General Electric Company for New York City, 
moved its offices on May 1 from the Postal Tele. 
graph Building to its new store at 329 Fourth Ave- 
nue between Twenty-fourth and Twenty-fifth 
Streets. This firm has decided that in order to better 
serve the trade it should keep pace with the north- 
ward march of business in New York. They will 
carry a full line of contractors’ supplies, including 
interior conduit. bell and annunciator supplies. 
They are looking forward to a big sale of Lundell 
fans this season and will be prepared to fill prompt- 
ly all orders for them. 


The Walker Company, of Cleveland, O., has re- 
cently closed contracts for some of the most impor- 
tant railway equipments that have been placed for 
several years. Among these is a contract from the 
Chicago City Railway Company for six S00 k. w. gen- 
erators: a contract from the Kansas City Metropoli- 
tan Street Railway Company, for a generator of 
1200 k. w. capacity; and a contract from the Chicago 
& Englewood Railway Company for four large di- 
rect connected Walker generators for charging stor- 
age batteries, and for fifty storage battery car equip- 
ments. Among other contracts made by the Walker 
Company recently are for a large number of motors 
and complete car equipments for the following com- 
panies: Rapid Railway Company, Detroit, Mich.; 
Pittsburgh, Grafton & Manchester Street Railway 
Company, and Second Avenue Traction Company, 
Pittsburgh, Pa.; Newburgh (N. Y.) Electric Railway 
Company; Union Railway Company, New York 
City; C. E. Loss & Company, Chicago, I. 


The Standard Underground Cable Company, 
Pittsburgh, has recently sold a large order of cable to 
the American Telephone & Telegraph Company, of 
Providence, with a guarantee of 500 megohims per 
mile insulation resistance and a capacity of ,08 micro- 
farad per mile. The tests of this cable by the elec- 
trician of the Providence Company disclosed a re- 
markably low average capacity, ranging from .076 to 
.o716 microfarads per mile, and showing a high de- 
gree of uniformity. The insulation resistance 
of the wires averaged 1933 megohms and 3300 
megohms per mile respectively. The Standard 
Underground Cable Company has recently made 
a number of important changes in the per- 
sonnel of its home office in Pittsburgh. P. H. W. 
smith, formerly assistant superintendent of con- 
struction for the Western sales department, and 
more recently assistant to J. W. Marsh, vice-president 
and general manager, is now assistant general man- 
ager of the company. Mr. Smith's training in elec- 
trical engineering was received in Lehigh Univer- 
sity, of which he isa graduate. He has been actively 
engaged with the Standard Underground Cable 
Company for a number of years in the construction 


and sales departments, F.S. Viele, formerly of the 
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Buffalo Railway Company, but for several years past 
superintendent of the Western sales department and 
lately in charge of the latter, has been transferred to 
Pittsburgh as manager of the conduit and general 
construction department. In addition to general 
construction work, Mr. Viele will have under his im- 
mediate charge and supervision the conduit and 
rubber sales departments. Mr. Viele is a graduate 
of the Massachusetts Institute of Technology, and 
his recognized ability as a trained expert in all mat- 
ters pertaining to cables makes hima valuable man 
to the company. 


Eugene Munsell & Company, 215 Water Street, 
New York, have just opened a branch house at 153 
Lake Street, Chicago. Chas. E. Coleman, who has 
been associated with the firm in New York for 
many years, will be in charge of this office and will 
visit the trade in person throughout the West. This 
move on the part of the firm has been made in order 
to accommodate Western customers and to push 
business in the West with more energy than hereto, 
fore. A complete assortment of all grades of mica 
for insulation will be carried in stock, as well as a 
full assortment of all the well known Micanite spec- 
ialties manufactured by the Mica Insulator Com- 
pany. Franklin Brooks, junior member of the firm 
of Eugene Munsell & Company, was welcomed home 
from his trip abroad by his many friends. The feat- 
ures of the tour were discussed ata dinner, which 
was tendered him, with greater interest than the 
menu. Mr. Brooks has been away some six months 
on a business and pleasure trip, including in his itin- 
erary London, Paris, Monaco; then through the Medi- 
terranean Sea and Suez Canal to India, where he 
spent two months in the mica fields, in which the 
company is largely interested. He has brought 
home a large number of photographs. which are 
very interesting and which have been procured at a 
great deal of expense. After having disposed of his 
business in the mica field, he visited Calcutta, and 
also spent some time in visiting China and Japan, 
then crossing the Pacific to Vancouver and stopping 
at San Francisco and Chicago before reaching New 
York. Mr. Brooks covered in the neighborhood of 
40,000 miles in his travels. Some idea of the magni- 
tude of the mica fields is gained from the fact that 
Mr. Brooks traveled about 4000 miles in that section 
of India alone. The firm imports mica direct from 
the mines and Mr. Brooks has completed arrange- 
ments whereby they are in a position to supply mica 
to the electrical trade in larger quantities than here- 
tofore. 
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First-Class Steamboat Service between De- 
troit and Cleveland, and Cleveland, 
Put-in-Bay and Toledo. 


D. & C. Floating Palaces are now runnin 
daily between Detroit and Cleveland, an 
between Cleveland, Put-in-Bay and Toledo. 
If you are traveling between the above points, 
take advantage of a water trip and save 
money. | 

Spend your vacation on the Great Lakes. 
Send for illustrated pamphlet. Address A. A. 
SCHANTZ, G. P. A., Detroit, Mich. ** 
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Summer Homes. 


In the Lake regions of Wisconsin, North- 
ern Michigan, Minnesota, Iowa and Dakota, 
there are hundreds of charming localities pre- 
eminently fitted for summer homes. Nearly 
all are located on or near lakes which have 
not been fished out. These resorts are easily 
reached by railway, and range in variety from 
the ‘‘full dress for dinner’’ to the flannel- 
shirt costume for every meal. Among the 
list of names familiar to many of our read- 
ers as the perfection of Northern summer 
resorts. Nearly all of the Wisconsin points 
of tnterest are within a short distance from 
Chicago or Milwaukee, and none of them are 
so far away from the “busy marts of civili- 
zation ” that they cannot be reached in a few 
hours of travel, by frequent trains, over the 
finest road in the Northwest—the Chicago, 
Milwaukee & St. Paul Railway. A descrip- 
tion of the principal resorts, with list of sum- 
mer hotels and boarding houses, and rates 
for board, will be sent free on application to 
Gro. H. HEAFFORD, General Passenger 
Agent, Chicago. *x* 
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THE EDISON LABORATORY. 


iB es the World’s Fair those in New 
York who came in contact with for- 
eign visitors recently landed,grew accustomed 
to hear, as their first inquiry, How may I visit 
Edison’s Laboratory? As Fernay was to the 
intellectual world during the days of Voltaire, 
so in recent years has been the Edison Lab- 
oratory at Orange, N. J., to all, regardless 
of nationality, who have been dazzled by the 
achievements of electricity—achievements 
popularly never dissociated from the name 
of Edison. While this great interest most 
likely centers more particularly in the per- 
son of the presiding genius, the laboratory 
in itself well deserves the fame enjoyed, for, 
undoubtedly, nowhere in the world can its 
facilities be equaled for practical scientific 
investigation and inventive research. 
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KINETOGRAPH BUILDING. 


LIBRARY. 


New York, June, 1896. 


Shortly after removing to his beautiful 
residence in Llewellyn Park in the Orange 
Mountains, Edison, some nine years ago, 
determined to realize his desire for a work- 
shop and an equipment which would free 
him of the handicap he had formerly ex- 
perienced in carrying on investigations. To 
this end no expense was spared, and the 
result is a group of buildings, erected on 
land adjoining the grounds of his residence, 
and an exhaustive stock of materials, which 
together are indeed worthy of him whon the 
French welcomed to Paris in 1889 with royal 
honors as the ‘‘King of the Industrial World.” 

The laboratory consists of a group of five 
substantial brick buildings and several frame 
additions. The main building is three 
stories high and about 50 ft. X 250 ft. in its 
ground dimensions. Flanking it on the 
left are four single-story brick buildings, 


FIG. 1.-EDISON LABORATORY. 


each Ioo ft. X 25 ft., and in the rear isa 
frame annex containing a photographic gal- 
lery. By the main gate is a lodge where 
visitors present their credentials and await 
the result of their endeavors to obtain a 
glimpse of the great inventor, which, it may 
be added, is not always possible. Though of 
an unusually hospitable disposition, and sac- 
rificing a goodly portion of time in the re- 
ception of visitors, the exigencies of his work 
render it impossible for him to accede to 
all of the demands on his attention. 

The front of the main building on the 
ground floor is occupied by the library, a 
handsome oak finished room two stories in 
height, and almost roo ft. square. This is 
the only room in whose finish other than the 
most prosaic utilitarian considerations have 
been permitted to have play. On the wall 
at one end is a handsomely carved oaken 
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MAIN BUILDING. 
LAMP TEST ROOM. 
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clock dial. several feet in diameter, beneath 
which is a carved mantel and a huge open 
fireplace. A graceful- marble- statue in the 
center of the room adds a pleasing touch of 
lightness, very appropriately representing the 
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connection with invention it is difficult to 
surmise. 

Wire is naturally well represented, not only 
in all materials, but in all sizes down to şb 
in. in diameter, or the thickness of a hair. Of 


FIG, 2.—-STORE ROOM. 


Genius of Light—a winged figure poised on 
the broken shaft of a gas lamp and holding 
aloft a large incandescent lamp. 

From two sides of the room extend hays 
forming alcoves, the sides of which contain 
book shelves. More than 30,000 volumes 
are collected here, forming one of the most 
complete scientific libraries in the United 
States. A gallery above the alcoves extends 
around three sides of the room, and contains, 
in projecting bays, the great Tiffany collec- 
tion of minerals, which was exhibited at the 
Paris Exhibition of 1889, and there purchased 
by Edison, doubtless to complete the mar- 
velous stock of organic and inorganic sub- 
stances, gathered from all parts of the world, 
which forms part of the equipment of the 
laboratory. 

The rear of the building is occupied by 
the electrical generating plant, and the 
greater part of the remaining space on the 
ground floor by the storeroom, which con- 
tains what is perhaps the most wonderful 
collection of substances that has ever been 
brought together in the world, and inci- 
dentally gives an insight of the methods 
which Ediscn pursues in the course of in- 
vention. 

Here on shelves and in drawers may be 
found almost every substance known to the 
organic and inorganic kingdom. Asan ex- 
ample of the heterogeneity of the collection, 
in one section of drawers are a score or more 
complete fur skins, including seal, martin, 
grey fox, sable, etc., cat skins, dog skins, 
etc. ; in another section are drawers containing 
albatross bones, rhinoceros horn, sea horse 
teeth, sharks’ teeth, rhinoceros skin, fish 
bladders and innumerable other animal sub- 
stances. Among the vegetable substances 
are even aloes, tonka and other beans, whose 


glass in the form of tubes, all the different va- 
rieties, such as German, Bohemian, etc., are 
here found. Insulating material of every 
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ages in the storeroom, in one of the adjoin- 
ing buildings (the chemical laboratory ), and 


lining the sides of various rooms in the main 


building. In the former two places the 
chemicals are classified according to their 
nature; in one department nothing but ex- 
tracts are seen, in another all of the acids 
are arranged together, while again the vari- 
ous compounds of an element will be found 
collected in groups, as for example, all of 
the bromines, 1odines, etc. 

These vast collections give a clue to the 
method of invention, if such it may be 
called, pursued by Edison, though with an 
inventor of his remarkable originality any 
method must play a very subsidiary part. 
Another illustration, and one more defi- 
nite, was furnished at the time of the 
invention of the incandescent lamp, when 
an exhaustive collection of vegetable fibres 
was made in order to determine by a 
process of elimination, the best material for 
a filament. Many thousand specimens were 
obtained and tested, special expeditions be- 
ing sent to several out-of-the-way parts of 
the world for this purpose. No less than 
1200 varieties of bamboo were examined, 
and filaments from 300 of these made and 
tested. More recently the same system was 
pursued in investigations with the Röntgen 
rays. Vacuum tubes of the different kinds 
of glasses and of different thicknesses, were 
systematically tested, the services of a photog- 
rapher were procured to make every known 
kind of sensitive plate and, later, every chemi- 
cal possessing fluorescent properties, some 
scores in number, was in turn thoroughly 
tested in order that no shadow of a doubt 
should exist that the one thus fixed upon— 
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variety is naturally included in stock, and 
there are innumerable kinds of hardware to 
supply a sudden demand arising in the course 
of an experiment. 

It is in chemicals, however, that the rich- 
ness of the stores is most apparent. ‘There 
are literally thousands of bottles and pack- 


tungstate of calcium—was the best. When 
one considers the striking originality of Edi- 
son's greatest inventions, in which such a 
process of elimination would seem to have 
had no part, surprise at the magnitude of the 
collections increases. 

The upper two floors are divided into a 
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Harge number of rooms, each devoted to a 
sspecific’purpose. Of these, the one of great- 
-est current interest is that in which Röntgen 
ray experiments are being conducted. A 
view of the apparatus in this room is given in 
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were known, the world would doubtless be 
astounded by their audacity, even with 


~ the knewledge it has of the heights to which 


Edison has aspired’ and, > moreover, at- 
tained. A peep which the writer was per- 


FIG. 4.—GALVANOMETER. ROOM. 


Fig. 5, which also includes a picture in 
laboratory attire of Mr. Edison, who kindly 
<onsented to thus pose before the camera 
for the benefit of the readers of the AMERI- 
CAN ELECTRICIAN. 

The apparatus here used for the produc- 
tion of ROntgen rays is very simple, consist- 
dng of a large induction coil, an interrupter 
wheel run by the motor, whereby a continu- 
ous current is changed into an interrupted 
current, and the primary of the coil fed with 
the latter. Overhead may be seen the Edi- 
son fluorescent lamp, which was first shown 
to the public on the day before it was photo- 
graphed ‘for our columns. It consists of an 


ordinary vacuum tube such as used in the . 


generation of ROntgen rays, but with the in- 
terior walls covered with a fluorescent min- 
eral fused into the glass. The light given 
forth resembles day light in its character, 
and though the small bulb shown only 
emitted an illumination equivalent to one or 
two candle power, yet this is the greatest in- 
tensity ever obtained in vacuum tube light- 
ing. By the methods of measurement used, 
only six-tenths of a watt was required to il- 
luminate the tube, or at the rate ot about ten 
watts per sixteen candle power—only twenty 
per cent. of the amount required by an effi- 
cient incandescent lamp to produce the same 
illumination. The results 7obtained were 
startling to even so sanguine an inventor as 
Mr. Edison, who confessed doubts as to the 
applicability of the instruments used for 
such measurements. 

Near the ROntgen room are two private 
experimental rooms from which all visitors 
are excluded. In these the teeming ideas of 
the great inventor’s mind receive their first 
practical tests, and if some of the concep- 
tions of which verification is here first sought 


mitted to take into one of these rooms 
showed it to be a chemical laboratory, which 


recalls the fact that from the earliest days 
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train, but one day the car in which the 
paper was printed and composed was set on 
fire by chemicals with which he was experi- 
menting, this accident bringing his journal- 
istic career to an abrupt close. Several years 
later, when a telegraph operator, a similar 
mishap resulted in the loss of a position at 
Louisville. 

On the same floor is a dormitory, which 
is a necessary apartment where experi- 
ments are at times prolonged for days with- 
out a moment’s interruption. During the 
celebrated ROntgen ray experiments several 
months ago, work continued as long as fifty 
hours at a stretch, worn-out assistants at 
times catching a nap of a few hours during 
lulls. When thus engaged in a continuous 
investigation, Edison rarely takes any rest 
himself, or if he does, it may be only for 
a few moments at a time, between the 
beginning and end of an experiment. Like 
Napoleon, he possesses the rare power of 
being able to go to sleep immediately upon 
lying down. 

That Edison has not lost his interest in the 
incandescent lamp is seen upon entering one 
of the rooms, shown in Fig. 1, where large 
numbers of lamps are kept burning under 
efficiency tests. Mr. Edison recently ex- 
pressed the hope that he may be able finally 
to produce filaments taking fifty per cent or 
less current than present commercial lamps 
of the same voltage. 

On the same, the upper, floor is the phono- 
graph room in charge of Mr. Charles Wurth, 
where the still greater perfection of what is, 
perhaps, the most wonderful of Edison's 
many great inventions, is continually sought. 
Recently improvements have been made 
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Edison has had a passion for chemistry. It 
was Owing to a mishap with chemicals that 
as a youth his editorial aspirations were 
nipped in the bud. When fifteen years of 
age he published a daily newspaper on a 


whereby the metallic timbre, formerly so 
noticeable in the audition, has been entirely 
obviated, or, at any rate, was not noticeable 
to the writer in several widely different 
renditions from one of the improved type. 
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Among other rooms in the main building, 
aside from a number of offices, are a furnace 
room for melting refractory substances and 
for other operations requiring a high degree 
of heat; a ‘“ precision’’ room installed with 
machine and other tools capable of doing 
work of the most superlative accuracy, and 
a machine shop containing tools with which 
a large steam engine or electrical generator 
could be completely fashioned. 

Of the smaller buildings one, as stated be- 
fore, is a chemical laboratory, and another 
contains chemicals and oils, thus isolated 
on account of their hazardous nature. A 
third contains a large ore separator from 
which the present machines at Ogden, N. J., 
were modeled. The separation of iron ore 
by magnetic means from the accompanying 
dross in the crude ore as mined, has long 
been a “hobby” of Mr. Edison, if such a 
word can be used in connection with an ob- 
ject which has been so earnestly and intel- 
ligently pursued. It is said that $2,000,000 
have already been expended by the inventor 
in his experiments in this direction, and his 
ardor is unabated. The fourth building, 
called the galvanometer building, is filled 
with electrical instruments of various kinds, 
many of which are mounted on brick piers. 

The most singular building of all is a pecu- 
liarly shaped wooden structure which, upon 
examination, is seen to be pivoted at the 
center, with wheels under the overhanging 
portion and having a bearing on a circular 
track. The ‘‘ Black Maria,” as it is known, 
is in fact a theatre within which are taken 
the pictures that, in the kinetoscope, so 
startlingly reproduce the motion of life. 
The building, by swinging it on its pivot, 
can be brought into the best position with 
respect to the rays of the sun. Within is a 
miniature stage, on which many and singular 
parts have been acted and reproduced true 
to nature by the kinetograph. The latter is 
a photographic apparatus for taking the in- 
stantaneous negatives, from which positives 
for the kinetoscope are subsequently pre- 
pared. If to this commonplace statement it 
is added that the series of photographs are 
taken at the rate of 165,600 per hour, some 
idea may be formed of the ingenuity of the 
apparatus. 

Sandow, Carmencita, Buffalo Bill and his 
Indian chiefs, and the ‘‘ Gaiety girls” are 
some of the celebrities who have here faced 
the lightning camera. On one occasion 
twenty-four actors performed a scene on the 
stage, and on another Corbett and Courtney 
had a bout with a loss of temper, it is said. 
This latter exhibition also furnished occa- 
sion for Jersey justice to show its inflexi- 
bility by haling those in charge of the 
“Black Maria’’ before court. 

As to Edison himself, whose personality 
dominates so completely that ordinarily few 
visitors retain any but faint recollections of 
the laboratory itself, the following descrip- 
tion, written some years ago by one closely 
associated with the great inventor, is a re- 
markably accurate portrayal of the man: 

“The chances are ten to one that we will 
_ catch him in close communion with one of 
his assistants, giving instructions or receiving 
reports of experiments made. He is dressed 
in a linen duster that wraps his sturdy, well- 
knit figure from head to toe. But for this 
protection he would wear out or spoil a suit 
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of clothes every week; in it, he will take up 
any piece of work that interests him, careless 
of consequences to his garments. As like as 
not, it bears the marks of recent grime and 
stain, the counterparts of which may be seen 
on the hand that is held out to us as its 
owner, with a generous sacrifice of the time 
he counts so precious, starts out on a hasty 
‘personally conducted’ inspection. 

‘“ As he walks by our side we get an idea of 
what manner of man Edison is. He has 
outgrown the gaunt leanness of his youth and 
early manhood, and his face, once quite thin, 
is now rounded in outline. Over his massive 
forehead falls a shock of abundant brown 
hair turning here and there to bright silver. 
The nose is well cut. The face is smooth 
shaven, showing the strong lines of a mouth 
which hasa smile lurking around it nearly 
all the time, yet whose lips take on them at 
intervals a chilling sternness of compression. 
It isin fact a mobile face, and the changes 
of expression gain their variety, too, from the 
flash and glance of his wonderful grey eyes. 
There is always, however, an intentness in 
his manner to which his deafness adds; 
though so quick of comprehension is he that 
we only learn of the defect by an occasional 
automatic raising of his hand to hisear. As 
he listens toa good story, of which, like 
Lincoln, he is heartily fond, his lips open, and 
the smile that besets them spreads over his 
in broader and broader ripples of enjoyment. 

“Then he begins to tell us of some new idea 
he has, and with animated gesture he will 
literally carve the whole mechanism out of 
the air in front of us. Or perchance he 
speaks of some plan or work of which he 
does not approve. Each word cuts to the 
quick hke a keen edge, and we shrink back 
involuntarily at the lightning flashes of his 
indignation. In our progress we come across 
the early beginnings of a new invention, and 
as we look at it and hear him speak of the 
countless failures that preceded this first 
success, we begin to understand how man 
in creating must be not less patient and 
persistent than nature itself. We also begin 
to understand the strange relations in which 
an inventor is placed to the world around 
him, not seeing a thing that he does not wish 


to improve and perfect, not ‘making a step 


forward without realizing how much vaster 
is the area that opens up for the exercise of 
his talent. He must be not only a prince of 
dreamers, but a king of workers.”’ 


COMPRESSED AIR MOTORS. 


Some excitement has recently been 
created in electric street railway circles by the 
claims of interested parties that, through great 
improvements recently made in the compress- 
ed air motor, it will become a rival to the elec- 
tric motor in street railway traction. It 
appears that the Metropolitan Traction Com- 
pany, of New York, is having ten cars equip- 
ped with air motors for a test. No information, 
however, can be obtained in regard to the 
“great improvements,” either from the Met- 
ropolitan Traction Company, which is said to 
control the motor, or from those connected 
with the manufacturing company. It may be 
added that the compressed air motor has been 
used for some years at Nantes, France (Me- 
karski system), for street railway purposes, 
but not adopted elsewhere in that country. 
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HOW TO GET DIFFERENT KINDS OF CUR- 
RENTS IN A CHEAP AND SIMPLE 
WAY FOR EXPERIMENTAL 
WORK. 


BY LIEUT. F. JARVIS PATTEN. 


It often happens that the practical man,. 
who, perhaps, runs an electric light plant 
or through other means has access to a sta- 
tion or a source of direct current, would ex- 
periment for himself if he could easily get 
the various kinds of current he would require 
for different experiments. 

Probably few of these practical men in the 
electrical field have sufficient theoretical 
knowledge to do this for themselves unaided, 
and it is for the many who do not possess 
such knowledge that this article has been 
prepared and written in a way, it is hoped, 
that will make this matter clear to them and 
strip the subject of any apparent mystery. 

What is generally first asked for is poly- 
phased alternating currents of some descrip- 
tion or other, say, two-phased or three-phased 
currents, or even a ‘‘ single phase ” alternat- 
ing current may be desired—all at the com- 
mand of the would-be experimenter being a 
direct or continuous current of fixed voltage. 

Now it is fortunate in such cases that a 
direct current is at hand, for inasmuch asa 
direct current, is in fact, made up of many 
alternating currents rectified and superposed 
or bunched together, one can, by tearing 
the direct current to pieces, as it were, get 
almost any kind of alternating current we 
want, and generally as many of therm as cir- 
cumstances are likely to require. 

In order to clear the electrical atmosphere, 
as it were, we should define what we mean 
by many-phased alternating currents. 

First, a single alternating current is one 
that hasa continuously fluctuating or chang- 
ing value, and is generally represented by a 
sinuous line like a, a, Fig. 2, indicating a 
current that has alternating positive and 
negative values with intervening zero periods. 

Now, if we had two such currents in which 
the negative values of the one, asa, a, always 
corresponded in time tothe zero values of the 
other, as ô, ò, then such currents are known as 
being ‘‘in quadrature,” and are called ‘‘two- 
phased ” or ‘‘ biphase ” currents; and if there 
are three such alternating currents, equally 
spaced with reference to time, or having 
their maximum values occurring in rotation, 
as in Fig. 1, a, b, c, then such currents are 
called ‘‘three-phased’’ or ‘‘triphase’’ cur- 
rents, and in general terms, when an alter- 
nator delivers two or more alternating cur- 
rents, they are styled ‘‘polyphased”’ currents. 

With such different alternating currents— 
single, two-phased and three-phased—a great 
many very interesting and instructive experi- 
ments can be made. 

All that is required in order to get any of 
them is a direct current motor of suitable 
size and output, and which will admit of the 
simple and comparatively inexpensive 
changes indicated in the figures; and what 
is known to laboratory workers asa universal 
or double wound Gramme ring transformer, 
which the experimenter can generally make 
for himself, and which, if he does, he will 
find a most satisfactory outlay of time or 
money, because of its varied and extreme 
usefulness in all lines of experimental elec- 
tric work. 
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About the direct current motor itself there 
is only one special and necessary require- 
ment to be observed. It must have a com- 
paratively long commutator, as indicated in 
Fig. 3, so as to admit of putting three sliding 
ring contacts on the commutator and still 
have room enougli left for the brushes. This 
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segments equidistantly spaced around the 
commutator, as indicated in Fig. 4, which 
shows ring Æ, connected to a segment at 
the top of the commutator ring, R, connected 
another a third of circumference around 
from it, and Æ, connected to another seg- 
ment a third of the circumference further 


FIG. I. 


is not difficult to find, for the writer has 
observed quite a number of dynamos and 
motors that are so built. 

The alterations in the machine to be made 
will be understood from Fig. 3, in which 4 
is the armature of the motor lying in the 
two-pole field Mand .S. Its commutator is 
indicated by the part C, and the ordinary 
brushes bearing on the commutator are in- 
dicated at 2, and B, connected to the line 
of current supply Z, and Z,. 

Now the parts #,, Æ, and A, of the same 
figure indicate three continuous brass rings as 
sliding contacts that are slid on over the 
commutator, being placed as near to each 
as possible without danger of causing the 


around in the same direction, or one-third 
back from the first, which is the same thing. 

This arrangement will suffice for most any- 
thing desired as it is, but it will be found 
convenient in some. cases to have one of the 
rings, as X,, arranged with a second hole, as 
K, so that if desired it can be connected to 
a segment just half the way round or diamet- 
rically opposite to the segment to which 2, 
is connected. 

Equipped thus we are ready for work with 
single, two-phased and triphased alternating 
currents of high or low voltage, besides the 
direct current we originally start with. 

Thus, to begin: The motor running on di- 
rect current supplied by the main leads 


fo. 
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brushes bearing on thei to interfere. They 
might not be more than 3, in. wide on the 
face and, allowing % in. between,they would 
only take up 3% to 3% ins. on the commu- 
tator, which is not excessive. 

It should further be observed in selecting 
a motor for such a purpose, to choose one 
with a commutator having a number of seg- 
ments, divisible by three, such as twenty- 
four, forty-eight, sixty or seventy-two seg- 
ments. 

When the rings are put in place, they must 
be all securely insulated from all the com- 
mutators except the particular segment 
which it is to be connected with and repre- 
sents. To effect this, each ring, which is 
simply a continuous round brass ring of 
nearly square cross section, has an interior 
core of fibre or wood, which latter fits on 
tightly over the commutators and serves to 
hold the ring firmly in place. Practically, 
each ring represents one particular commu- 
tator segment continued all around the com- 
mutator, so that a brush bearing on a rim is in 
effect simply bearing on the same segment 
all the time as the commutator turns. 

To effect this, the rings are drilled and 
a connecting plug or screw is driven in 
through the insulating part and into the 
particular segment to which it is desired to 
permanently connect the ring. Now it will 
be found simplest and best, as will appear 
later, to use these rings connected to three 


L, £,; then the leads connected to the 
brushes bearing on all three rings will yield 
three-phased currents like those shown in 
Fig. I, toany three interconnected circuits. 
This last term may puzzle the practitioner 
and so it is, perhaps, best to explain what is 
meant by three interconnected circuits. To 
do this, consider Fig. 5, which is intended to 
represent a Gramme ring, which is given two 
independent windings, each alternate coil 
being in one winding, as the outer one, 
w, w,, and the other connected separately as 
an independent winding, w, w,. Now if we 
tap the outer winding, w, w,, at three equi- 
distant points, as L, L, £,—that is to say, 
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connect wires on to the winding at these 
points without breaking the winding open— 
then the outer winding will constitute three 
interconnected circuits; and if to these points 
L,, L,, L, are connected, the corresponding 
leads, Z}, L,, Lg, from the motor rings (Fig. 
3), then when the motor is running, two- 
phased currents will flow in these leads 
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and through the interconnected circuits of 
the winding w, w,, producing therein a 
rotary field—the first essential feature of a 
rotary field transformer or ‘‘ universal ring ” 
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FIG. 3. 


transformer, such as Fig. 5 represents, or of 
a Tesla rotary and commutatorless motor, 
which it likewise imperfectly represents. 

This rotary field is passing through the 
inner winding, W, W,, also, setting up just 
such a field in it, and if we connect two leads 
to opposite points, 1 and 2, of this winding, 
then in these two leads we shall have a single 
alternating current like 4, Fig. 2, as the re- 
sult of putting triphase currents from the 
machine into the winding W, W.. 

So we get a single alternating current 
from our apparatus one way. If, on the 
other hand, we connect one pair of leads to 
the points 1 and 2 of the inner winding, 
W, W,, and a second pair to the points 3 
and 4 of this same winding, then in the two 
pairs of leads considered separately, or in 
interconnected circuits connected to all four 
of them, we shall have two-phased alternat- 
ing currents or two alternating currents in 
quadrature, as indicated in Fig. 2. 

It must be understood that the ring trans- 
former, Fig. 5, does not move; it is a fixed 
transformer and may rest on atable where it 
is convenient to make different connections. 
It would appear that so much is enough to 
expect from such simple apparatus, and by 
altering the relative number of total turns in 
the two windings of the ring transformer, 
voltages may, of course, be changed up or 
down at will, at the same time the other trans- 
formations are going on. 
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There is one other very interesting current 
to be derived from the motor transformer. 
Thus, let a lead, as 7, be connected as shown 
to its ring, #,, and a circuit made from itto 
another brush which shall simply bear upon 
the commutator proper itself. What then 
will flow in such acircuit? It is not difficult 
to figure this out, and it is left for the student. 


j} 
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THE VARIATION OF STEAM ENGINE 
ECONOMY WITH CHANGE OF LOAD. 


BY PROF. W. F. DURAND. 
It is a fact well known to users of steam 
power that a given engine does not, at all 
loads, work with the same economy. The 
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a fraction, of which the numerator is the 
difference in the absolute temperature of the 
incoming steam and of the condenser, while 
the denominator is the absolute temperature 
of the former. This isthe efficiency for a cer- 
tain set of ideal conditions which are never 
attained in the actual engine. There are 
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case most commonly of interest to electrical 
engineers is that in which the speed of the 
engine remains sensibly constant, due to the 
action of the governor, while the cut-off and 
power vary continuously, corresponding to 
the changing value of the load applied. 
Thus an engine which is rated at 300 I. HP 
may, if on street railway service, be sub- 
jected to the widest fluctuations of load, and 
the power developed may, in the course of a 
few revolutions, vary from the frictional load 
of, say, 50 I. HP to as much as 400 I. HP 
or more. On lighting service, the power in 
the course of the night may likewise vary 
through a range perhaps as great as the rated 
power of the engine. 

Now, in all such cases it is known that at 
or near some one load, the economy of the 
engine is the best, and that as the load is 
varied one way and the other, the engine 
becomes more expensive per unit of power 
developed. It results that in no case where 
the load on an engine is variable can we ex- 
pect as good economy as when the load is 
uniform and the engine properly propor- 
tioned to such load. 

In the present article, we propose to briefly 
indicate the causes of this variation in 
economy, with numerous examples, showing 


various other ways in which we may frame 
ideal conditions, under which we may con- 
ceive an engine 
to operate, all of 
them of more or 
less interest as 
furnishing a 
kind of standard 49 
of excellence to 
which we may 
refer the actual 
engine. We 350 
shall not here 
enter into the 
details of these 
various ideal 
conditions. It 
will be sufficient 
for our present 
purposes to note 
that under such /0 
conditions the 
economy in gen- 
eral increases 
continuously 
with the number 
of expansions, 
and hence, with a given engine and steam 
pressure, the earlier the cut-off and the less 


the nature and extent of the variation in en- 
gines of various types and working under 
varying conditions. 

As already noted in this journal, the ideal 
efficiency of an engine may be expressed as 


the amount of work done, the more eco- 
nomical would be the rate at which it is per- 
fornred. For such case, therefore, the dia- 
grain of water consumption would be similar 
to Fig. 2, A B, where the power is laid off 
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horizontally, and the vertical ordinates de- 
note values of the corresponding consump- 
tion per I. HP per hour. 

It is of interest to note the influence which 
such conditions would have, if attainable, 
on engineering practice. The economy being 
greater, the earlier the cut-off and the less the 
work performed by the given engine, it would 
result that fora given amount of work the 
economy would be greater, the earlier the 
cut-off and the larger the engine. The en- 
gines used would thus become larger and 
larger and the cut-offs earlier and earlier, 
until further extension in size would be 
checked by the increase in first cost and in- 
terest on investment, or by reaching a 
number of expansions sufficient to reduce 
the terminal pressure to equality with the 
back pressure. 

This would be the result were the ideal 
conditions attainable. In the actual case 
they are not, and we, therefore, naturally 
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ask why the real engine behaves so dif- 
ferently from the ideal. 

We must remember that fundamentally 
the steam engine is a heat engine, and that 
its purpose is to transform heat into work. 
Now, due to the fundamental laws which 
condition the action of all heat engines, only 
a portion of the heat supplied can under 
ideal conditions be so transformed; the frac- 
tion being represented by the ideal efficiency 
as above defined. The part which thus es- 
capes transformation is, therefore, the mini- 
mum possible under the ideal conditions as- 
sumed. Actually, the amount of heat not 
transformed into work is considerably greater 
than the above minimum, and all such ad- 
ditional amounts are commonly termed heat 
wastes or losses. These various wastes may 
be classified as follows: 

(a) Radiation and Conduction Waste. 

This consists of heat which is radiated 
away from the hot surfaces of the cylinder 
or conducted away through the bed plate 
and foundation. The heat thus escaping 
avoids transformation into work, and is 
therefore to be counted asa heat waste, or as 
an expense from which no proportionate re- 
turn 1s received. 

(6) Lnitial Condensation. 

At the instant the steam valve opens, the 
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steam rushes in to find itself in contact with 
surfaces which have but recently been ex- 
posed to the influence of the condenser or 
the external air. They are, therefore, at a 
temperature lower than the steam, and in 
consequence a part of the heat is absorbed 
and a corresponding part of the steam is 
condensed. The heat thus absorbed by the 
surface of the cylinder will be given up later 
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curve at Æ, this ratio will have a smaller 
value than at any other point such as G or 
H. It follows that under the conditions as- 
sumed for the curve Æ C, the expense in 
pounds of water per I. HP per hour will be 
least at the power, O D, and will be greater as 
the power is increased or decreased from that 
value. 

If now we plot values showing the con- 


FIG. 4. 


during the exhaust period of the revolution, 
and thus communicated to the condenser. 
It thus appears that a thin skin of metal on 
the inside of the cylinder may be considered 
asakind of place of hiding, into whicha 
portion of the heat slips on the entrance of 
the steam, and from which it escapes to the 
condenser or air without having taken part 
in the regular cycle of the engine, and hence 
without having contributed its part to the 
useful work done. Otherwise this action of 
the walls may be considered as a means 
whereby a part of the heat short circuits 
past the work producing cycle, and thus es- 
capes. The heat which thus avoids the reg- 
ular cycle appears as an expense, with no 
corresponding useful result. 


(c) Irregularities in the Cycle. 

The nature of the operations which go on 
in the cylinder of a steam engine during a 
revolution are known to vary widely from 
those necessary for the attainment of the 
ideal efficiency. We cannot here enter into 
the details of this point, and the broad state- 
ment must suffice, that such departures from 
the ideal cycle do influence prejudicially the 
efficiency of transformation. 

Now, without entering into the question of 
the individual variation of these losses, let us 
note their relation as a whole to the varying 
development of power in the same engine, 
revolutions and steam pressure being con- 
stant. To this end let us refer to Fig. 1. 
The total I. HP is laid off along O X, and 
the corresponding total water consumption 
per hour, vertically, as shown. For ideal 
conditions the curve would be something like 
O A. The waste would then necessitate an 
additional supply of steam represented at the 
various values of the I. HP by the inter- 
cept between O A and B C. The total 
water consumption in the actual case will 
therefore be given by the ordinate to the 
curve B C. The amount per I. HP per 
hour from any point will then be given by 
the quotient of the ordinate by the abscissa, 
or, for example, at the power O F, by F G ~ 
OF. Now it is easily seen that at a point, 
E, such that the line, O Æ, is tangent to the 


sumption per I. HP per hour, we have curves 
as shown in Fig. 2, where 4 B is the curve 
for the ideal case, and 7 G that for the ac- 
tual. The change from one to the other in 
amount and character is due simply to the 
influence of the heat wastes, as may be seen 
by a comparative study of the two diagrams. 
Referring to H G, we may note the charac- 
teristics mentioned in the opening of the ar- 
ticle, viz., the existence of a load (here about 
50 I. HP) at which the water rate is mini- 
mum and the economy maximum, and also 
the increase in water rate and decrease in 
economy as the load varies on either side of 
this value. Vertical lines measure water used. 

It will naturally be expected that these 
various curves will vary with the steam 
pressure used, with the size and type of the 
engine, with the nature of the cycle followed 
by the steam, and, in fact, with all circum- 
stances relating to the conditions affecting 
the steam from its entrance into the engine 
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per hour laid off. The series of curves thus 
found have their minimum ordinate at ab- 
scissa I, representing the point of maximum 
economy. In order to connect these ratio 
values with the actual I. HP developed, the 
value of the I. HP for abscissa I is given in 
each case, as well as the type of engine and 
steam pressure. Thus, for example,in Fig. 
4 on curve No. 11, at abscissa .6 we have an 
ordinate 20.2. For this curve I represents 
81 I. HP. Hence the actual power at this 
point is 48.6, and at this power the given en- 
gine required 20.2 lbs. of water per I. HP 
per hour. 

A careful study of these curves will be 
found of great interest and value. We can 
here only note a few general conclusions 
which may be drawn from them. 


(1) The economy in general is better as 
the steam pressure is higher. 


(2) The economy in general is better for 
condensing than for non-condensing engines, 
for compound than for simple, and for triple 
than for compound. 

(3) The curves rise somewhat more sharp- 
ly for decrease of power below the value for 
best efficiency than for increase beyond such 
point. 

(4) The curves for triple and compound 
engines are in general flatter than those for 
simple engines, or, more generally, the lower 
the best water rate, the flatter the curve and 
the less rapid the increase for variation on 
either side of this value. l 

(5) As a consequence of the (3) it follows 
that so far as economy is concerned, we may 
usually obtain better results from over-load- 
ing than from under-loading an engine by 
the same relative amounts. As a matter of 
common practice, engines are more common- 
ly under-than over-loaded, and hence the 
varying load is not taken in the way best for 
economy. This is due to two chief causes. 
(a) Engines are often put in somewhat 
larger than immediate calls would require, 
with the expectation that the demand will 
increase shortly into keeping with the rated 
power of the engine. This may be true but 
it results in the meantime that the engine is 
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to its final rejection. Weare more especially 
concerned with the curves similar to HG, 
and for graphical representation of their 
characteristics for various cases, we may re- 
fer to Figs. 3, 4, 5. These are plotted as 
follows: 

The data of a large number of tests have 
been examined, and in each case the power 
for best economy has been called unity. 
The various values of the I. HP developed 
on the test have then been expressed in 
terms of this unit, and the corresponding 
values of the water consumption per I. HP 


being used on the more uneconomical side of 
its best point. (6) The engine itself may be 
designed, so far asits strength and provision 
of wearing surfaces are concerned, more es- 
pecially with reference to its most economii- 
cal load. In such case it might not be con- 
sidered safe to allow the fluctuations to rise 
to an excessive overload, even should such 
method of operation be favorable to economy. 

There seems reason to believe that, in 
general, for best results with varying loads, 
plants are usually somewhat overpowered, 
and that smaller engines run at a range of 
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fluctuation, which at the maximum would 
carry them well beyond their most econom- 
ical load, or their normal rating, would be 
favorable to somewhat better economy. The 
difference may be appreciated by consider- 
ing again Fig. 4, curve ir. In one case if we 
suppose the power to vary from .25 to 1.05, 
the water consumption will vary from 24.5 
to 19. In the second case, with an engine 
of about .7, the same normal power, the same 
range of fluctuation would be from .40 to 
1.50, and taking the some curve for values 
of the water rate, we should have variation 
from 22.5 to 19, with an average economy 
certainly better than in the first case. The 
smaller engine would also have somewhat 
smaller heat wastes, especially in item (1), 
as above noted, and this would be still fur- 
ther favorable to a decrease in the best 
water rate. The decrease in size of engines 
may, of course, be carried too far, and it is 
only where the fluctuations are wide that 
these considerations become of importance. 
But in such cases, it is obviously better to 
have the best economy occur somewhere 
near the middle of the range of fluctuation, 
rather than at one end of it. 

It may now be asked as to the power at 
which any given engine is likely to give its 
best economy, or as to the power correspond- 
ing to the (1) of Figs. 3, 4, 5. This likewise 
will depend on the various circumstances, 
and we can only indicate in a general way 
that for simple engines and moderate press- 
ures the power will be most economically 
developed at about three to five expansions, 
while with compound and triple expansion 
engines and steam pressures rising to 100 Ibs. 
or 150 lbs., the number of expansions may be 
carried to from six to twelve. In general 
the builder's rating is very near the power 
for best economy, and in default of more 
definite information, this may be taken with 
confidence, as not far from the point desired. 

We may next briefly examine the influ- 
ences on the preceding considerations, of 
taking as the-basis, the delivered, instead of 
the indicated, horse power. The earning capa- 
city of an enyine is more nearly represented 
by the former than by the latter, and hence 
it may be more properly made the basis of 
investigations relating to the economics of 
power production. It is well known that at 
constant specd the power absorbed by the 
friction of an engine is nearly constant, and 
for illustrative purposes we may take it at 
from ten to twelve per cent of the I. HP, 
for best economy. ‘These values are fair aver- 
ayes of the results of many experiments on 
engine friction, It may then be seen that if 
in Fig. I we should divide each ordinate of 
BC by its abscissa minus ten percent of O D, 
as representing the D. HP,the quotient would 
give the water per D. HP, per hour, 
and the result, if plotted in I. HP, would 
be a curve, Z M, Fig. 2, while if the abscissa 
is taken as the D. HP, it would be repre- 
sented by L1 47!, The curve L M is natur- 
ally higher than #7 GŒ. Any point such as 7’ 
indicates that at I. HWP=O Q, and hence 
D. HP = (OQ—.1 O /)) the water rate per 
unit D. HP is QO P. Now an interesting feat- 
ure of the curve is that the minimum point 
is ator near /, corresponding to an I. WP = 
O Q, instead of O D, as when the I. HP is 
taken as the basis of reference. That is, 
with LHP -O Q, the power per D. HP 
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costs less than for I. HP = O D, although 
the latter is the point for best economy when 
I. HP is taken as the basis. It follows 
that the best condition relative to D. HP is 
at avalue of the I. HP, somewhat bevond 
that for the best result per unit I. HP. This 
isa still further reason for running an engine 
under varying load well beyond its rate for 
best results per unit I. HP. 

The curves of Figs. 3, 4, 5, while intended 
as a presentation of only a part of the avail- 


TABLE I. 


DATA RELATING TO FIGS. 3, 4. 5- 


No. of Type of Engine. Value | Gauge 
Curve. E ot Press- 
Unity. | ure. 
I Simple non-condensing... 76 7 
2 ee at os 26 7: 
3 {Automatic non-eondens’g. 170 100 
4 Simple condensing, ......... 4S 110 
5 SMETS Jeep pare een ee 210 120 
6 |Compound non-condens’g 100 60 
7 j$ ix ss 140 8o 
S tà ts t 170 100 
9 “ as 170 120 
19 m condensing... Sy 110 
1I AA = SI 110 
12 |Triple S 100 125 
13 it .° 125 125 
14 o S 112 120 


able data relative to variations of economy 
with load, will serve as a basis for a general 
estimate of the variation in any given case. 

The following table gives the best values 
likely to be attained with the various types 
of engines as given in the headings, and 
these together with the general trend of the 
curves in the various cases should give a falir- 
ly satisfactory basis for an estimate in any 
given case. Equations have been proposed 
intending to represent such curves, or to give 
in algebraic form the variation of economy 
for a given engine. Such might be here 
presented, but it is believed that for the 
purpose of the present article, it is hetter to 
let the curves stand as the embodiment of 
the data presented. In regard to these curves, 
it should be noted that they are simplv 
smooth curves drawn through and between 
the spots determined by the actual experi- 
ments. The actual spots are omitted for the 
sake of simplicity in the diagrams, and the 
curves may therefore be considered as an 
approximation to the law indicated by the 
distribution of the spots determined, rather 
than as giving the exact experimental values 


themselves. 
TABLE II. 


PROBABLE MINIMUM WATER CONSUMPTION FOR 
VARIOUS CLASSES OF ENGINES. 


ESSE 


u z h 

tia gy a 

Class of Engine. za | SE 

CHIE 

Be = 

O 

Q 
‘Throttling non-condensing......... Siia | 80 |35 —45 
Automatic non-condensing ....ceeeeeeeeees 8o | 30—-35 
a oe RK A iaaii piii | TOO [20—30 
Corliss simple non-condensing............ | SO 25-30 
Compound automatic non-condensing. 100 +24—28 
ee ar as ae | 12 21—25 
Corliss simple condensing.. co.ee Loo $o | 22— 26 
Compound automatic condensing...) 100 5—24 
C S O TU T aegen 125 16—20 
Corliss compound condensing.............. | Tou j 1b—20 

t4 ae it ] " 
EET 125 [15—19 
Triple expansion condensing.........0.... 125 sso 
as te aa 
EERTE 150 


3—13] 
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The above values are more especially in- 
tended to be applicable to engines of moder- 
ate size, as for example, 100-500 I. H. P, 
The economy in general increases and de- 
creases with the size of the engine. 


(Vor. VIII. No. 2. 


THE USE OF GLOBES. 


BY PROF, GEO. D. SHEPARDSON, 


The globe about an electric or other lamp 
may be considered as both a mechanical and 
an optical device. 

Asa mechanical device the globe of an 
arc lamp acts as a wall of separation between 
the are and the outside air. The globe pre- 
vents the wind from blowing the are from 
side to side and thus making the light un- 
steady and less intense. It prevents inflam- 
mable substances from coming into contact 
with the arc and so causing fire. The globe 
prevents particles of hot carbon from flying 
out from the are and dropping where they 
may be dangerous. In the case of arc lamps 
operated by alternating currents, the globe 
also helps deaden the humming sound that 
might be objectionable with a naked arc. 
With the enclosed or “incandescent” arc, 
the globe also serves to prevent access of air 
to thearc. This allows the use of a longer 
are and reduces the shadow cast by the lower 
carbon. It reduces the ordinary combus- 
tion of the carbons, and thus reduces cost of 
carbons and trimming, It also reduces the 
cooling of the carbons by currents of air, 
and so increases the efficiency to some ex- 
tent. l 

The globe of an incandescent lamp is nec- 
essary for the maintenance of the vacuum. 
The incandescent filament would be burned 
up almost instantly if air should come in 
contact with it. The vacuum is also desir- 
able to prevent currents of air from cooling 
the filament and so reducing both the light 
and the efficiency. Currents of air would 
also soon wear away the filament by air 
washing. The globe also protects the fragile 
filament from mechanical injury. 

So far as the above mechanical reasons are 
concerned, the globes might be made of 
metal or some other substance less fragile 
than glass. But the globe must also possess 
certain optical properties. lIt should be 
either transparent or translucent. A trans- 
parent substance allows light to pass through 
with as little obstruction as possible. With 
a perfectly transparent globe, the source of 
light would be clearly seen, while the globe 
itself would be invisible. On the other 
hand, with a perfectly translucent globe, the 
real source of light would be invisible and 
the globe itself would seem to be the source 
of light. As a matter of fact no globe is 
either perfectly transparent or perfectly 
translucent, but approaches one or the other 
limit more or less imperfectly. Which of 
these qualities is desired in a given case will 
depend both upon the purpose for which the 
light is to be used and upon the location of 
the lamp. 
the elementary principles of lighting. 

Lights may be used for illumination, for 
illumination appearance,or for both purposes. 
The difference between illumination and il- 
lumination appearance is not as commonly 
or as well understood as it should be. Il- 
lumination appearance is obtained when the 
sources of light are conspicuous, as in the 
case of lighthouses, railway signal lights, 
INumination without 


This involves some discussion of 


luminous signs, etc. 
iHumination appearance is obtained when 
objects to be seen are well lighted, but when 
the lamps or other prime sources of light are 
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not seen. A combination of the two is often 
desired and more often secured. 

The character of the globe used with 
lamps, as well asthe disposition of the lamps 
themselves, will vary according to the effect 
desired. Where intense illumination appear- 
ance is desired, the globes should be as trans- 
parent as possible, being omitted entirely if 
practicable, so that the source of light may 
be undinuned. Clear globes are, therefore, 
indicated for arc lamps for street lighting, 
especially if the lamps are two or more 
blocks apart, so as to show directions rather 
than to light up the roadway. Also where 
lamps are so located that neither the lights 
nor their reflected images may come within 
the range of vision of the persons using 
them, it is desirable, as a rule, to use clear 
globes or none. 

In the vast majority of cases it is Imprac- 
ticable or undesirable to place the lights out 
of sight, so that it is an important question 
how to modify the light so as to give satis- 
factory illumination or illumination appear- 
ance or both. 

Clear vision requires two conditions : First, 
that the objects to be seen shall be suitably 
iHuminated, and, second, that a suitable 
eye be present to see them. The conditions 
that affect the eye are, therefore, of import- 
ance. 

The eye has an automatic protective de- 
vice, known as the iris or curtain, which, by 
opening or closing, regulates the amount of 
light that may enter and give the sensation 
of light. When the light is too intense, or 
when the changes of intensity are too great, 
the action of the iris is helped by closing the 
eyelids as in blinking. The iris automati- 
cally closes more or less so as to reduce to a 
safe limit the total amount of light entering 
the eye. It follows that the iris adjusts 
itself to limit the amount of light received 
from the most intense luminous source with- 
in the range of vision. Objects become 
visible only as light is radiated or reflected 
from them, so that they themselves become 
sources of light. The quantity of light that 
enters the eye from an object depends both 
upon the brightness with which the object is 
lighted and also upon the adjustment of the 
iris. If the lamp itself is seen by the eye, 
the iris contracts accordinyly, and, as a fur- 
ther result, a correspondingly less amount of 
light comes from other objects. 

It is therefore desirable that the prime 
sources of light shall be kept outside of the 
field of vision, or else be so reduced in in- 
tensity that the iris will still open far enough 
for the eve to receive a sufficient amount of 
light from other objects. The field of vision 
is described as a cone having the eve at its 
apex, and having a base whose outer edges 
make angles with the center line varying 
from 50 to 95 degs. As the eve changes 
position frequently to rest itself, the 
sources of light should be removed outside 
of a cone considerably wider than the angle 
of vision. 

When it is necessary to have the prime 
source of light come within the angle of 
Vision, its Intensity should therefore be dim- 
inished. The total amount of light given by 
any source is the product of the area of the 
source by the intensity or quantity of light 
per uuit area. It follows that a moderately 
intense light of considerable size may give 
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out as much light as one more concentrated 
and more intense. The light with a larger 
surface has the further advantaye that it does 
not cast so sharp shadows and that it gives 
more of a perspective to objects illuminated, 
so that they do not look so flat as when 
illuminated from a single concentrated 
light. 

The intensity of a light may be dimin- 
ished and its apparent area increased by the 
use of a translucent globe such as ground or 
white glass or porcelain. The globe stops 
part orallof the direct rays of light, and each 
point of the globe becomes a secondary 
source of light. Some of the light is de- 
graded into heat in passing through the 
glass, and even clear glass may thus absorb 
as much as twenty per cent. of the light. 
Ground and opal globes absorb from twenty 
to sixty per cent. of the light. Ground glass 
is objectionable because it gets dirty and 
opaque so easily, and is so difficult to clean. 
The opal globes not only increase the ap- 
parent size of the source of light, but they 
also give a more uniform distribution of the 
the light on account of internal reflection. 

While opal globes greatly reduce both the 
intensity and the quantity of light given out 
by the lamp, vet the quantity is reduced less 
than the intensity. The iris of the eye opens 
so much wider when the opal glass is used 
that one can see better than with the more 
intense light through a clear globe. 

This conclusion is being more and more 
generally recognized, and lamps for interior 
illumination are cither placed near the ceiling 
or otherwise out of direct field of view or else 
are provided with suitable shades and globes. 
Streets are also being lighted with better re- 
sults than formerly. Arc lamps are being 
suspended from higher poles or from mast 
arms, so that the arc is at least thirty feet 
above the roadway, more largely out of the 
range of vision. The use of opal globes, 
which seems to be nearly universal in 
Europe, is coming to be more common here, 
as those in charge realize that the purpose of 
the lamps is to illumine the roadway and not 
to blind passers-by. 

A further advantage coming from the use 
of globes is the reduecd trouble from direct 
spreading the 
source of light over a larger area, the regu- 
larly reflected light from each portion be- 
comes less intense, and the glare is corres- 
pondingly reduced. 

The above suggestions indicate that the 
proper use of globes is a subject well worth 
careful study. 


or angular reflection. By 


THE LATE FRANKLIN LEONARD POPE. 


Francis W. Jones, electrical engineer of 
the Postal Telegraph Company, in a sympa- 
thetic and ably written “In Memoriam ” 
article, contributed tothe 7yansactions of the 
American Institute of Electrical Engineers, 
on the late Franklin L. Pope, whose untime- 
ly death, by electric shock, last October, is 
vet so keenly felt by the profession which 
he honored, narrates several 
episodes in the life of Mr. Pope. 

One of there refers to the time of the draft 
riot in New York, in 1563, when the telegraph 
wires were cut down by the rioters, interrup- 
ting all telegraphic communication with the 
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city at a very critical period of the country's 
history. Mr. Pope was assigned by General 
Lefferts to the duty of restoring communica- 
tion between New York and Boston. The 
lines were found destroyed in many places 
along the railroad between Williamsbridge 
and Forty-second Street in New York, and 
also in the southern portion of Westchester 
County, all that territory being under the 
surveillance of the rioters. Mr. Pope dis- 
guised himself as a farm laborer, and with a 
portable telegraph instrument and repairing 
tools concealed in a sack of oats, started 
from New Rochelle, and protected by adark, 
foggy day, walked over the fifteen miles be- 
tween that place and Harlem River, and 
during the succeeding night connected up 
one of the fragmentary wires and restored 
telegraphic communication to Boston, not- 
withstanding that he had to run the gauntlet 
of the enemy's pickets. At one time during 
the night he was captured, but so well did 
he play his role of a rustic, that he was liber- 
ated unharmed; at another time, a little 
later, he was attacked at a point near Mor- 
risama by a gang of at least fifty rioters, 
armed with knives and pistols, but he eluded 
his assailants in the darkness by concealing 
himself in a cornfield until he was able to 
proceed unnoticed and complete his danger- 
ous task. The single wire so connected ran 
along fences, under station platforms, and. 
was carried mainly by trees and bushes close 
to the ground, so that it was not distinguish- 
able from the wrecked wires cut from their 
regular supports on poles. ‘Thus was restored 
an unsuspected avenue of telegraphic com- 
munication that was of great public impor- 
tance, 

Another incident related occurred in Alaska, 
in 1865-6, when Mr. Pope was a member of 
the exploring and surveying expedition 
sent out to fix a route for a proposed 
telegraph line to Europe by way of Behring 
Strait. A great part of the territory had 
never been visited by white men, and trouble 
was apprehended from some of the Indian 
tribes. In one case, Mr. Pope called a grand 
council of Indians at Fraser Lake, and ex- 
plained to them the object of his trip through 
their country. In order to convey to their 
minds some idea of the nature of the telegraph, 
he strung a wire upon small poles, a dis- 
tance of several hundred yards, and made 
a circuit with a portable intermediate bat- 
tery and pocket instruments. At one end 
of the wire, Mr. Pope arranged a pistol in 
such a manner that it was fired by the Indian 
chief closing the distant key. This perform- 
ance was voted “great medicine,” and was 
repeated many times, to the wonder and 
delight of the savages. The chief stationed 
some of his braves at the farther terminal of 
the circuit, to which end Mr. Pope also re- 
paired, and without their knowledge the 
chief had Mr. Pope's brother, Ralph (now 
secretary of the American Institute of Elec- 
trical engineers), transmit a message asking 
for a piece of tobacco, which was promptly 
conveved by a courier and presented to the 
chief, causing great astonishment and an 
immense outburst of ‘ Chinook" jargon. 
This admirable “medicine,” together with 
very generous gifts, particularly tobacco, the 
acme of an Indian's desires, had a propitia- 
tory cffect, and elevated Mr. Pope to a high 
pinnacle in the savages’ esteem, 
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ORNAMENTAL ARC LAMPS. 


— IR HUMPHREY 

nS | DAVY, to whom 
PA credit is popu- 
|l larly assigned for 
the first dis- 
covery of the arc 
light, would, if 
he were to return 
< to the earth, 
© doubtless view 
with mingled 
feelings the pres- 
ent state of arc 
lighting. From the utilitarian standpoint, 
it is needless to say, he would be amazed at 
the enormous commercial consequences 
which have proceeded from experiments that 
at the beginning of the century were mere 
laboratory curiosities. On the other hand, 
if possessed of cesthetic sensibilities, his 
satisfaction would not be unalloyed, as he 
could not be blind to the hideous appear- 
ance of the usual arc lamp. 

In an interesting paper read before the re- 
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cent meeting of the National Electric Light 
Association, Mr. L. H. Rodgers, made the 
statement that the arc lamp, as we com- 
monly know it, ‘‘is mechanically and elec- 
trically the poorest designed and constructed 


FIG. 2. FIG. 3. 


piece of mechanism on earth,” and also asks 
“ Whoever heard of a beautiful arc lamp?” 
It would be beyond the scope of this article 
to discuss the first statement which, even if 
too sweeping, may nevertheless have the 
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good effect of turning attention to the per- 
fection of an apparatus that has undoubtedly 
been sadly neglected in the past. The ac- 
companying illustrations, however, will, we 
believe, show that though perhaps rare, arc 
lamps possessing the attributes of beauty are 
not on! not unknown, but that there are no 
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insuperable difficulties in giving them a 
handsome exterior. 

The problem of producing an arc lamp 
artistic in appearance is, nevertheless, not a 
simple one, if the rod arc lamp is the sub- 
ject. Again quoting Mr. Rodgers, ‘‘ We find 
a device fifty inches or sixty inches long, 
made of long tubes or chimneys * * * long side 
rods, and at the bottom a globe holder.” 
In the earlier days of the arc lamp, manu- 
facturers seem to have considered the condi- 
tions thus presented as offering a hopeless 
case, and took no advantage of the few ele- 
ments of sightliness that were within reach. 
For example, notwithstanding that the 
spherical globe and cylindrical rod tubes 
naturally suggest a cylindrical shape for the 
case covering the mechanism, this latter was 
given the form of a rectangular box, which 
crude design is not yet entirely discarded. 

The double carbon rod arc lamp will prob- 
ably continue to defy the ability of the 
artistic designer, but the illustrations we give 
of ornamental rod single carbon lamps show 
that he has here had a number of solutions 
to offer. Indeed, the problem reduces itself 
to one of graceful proportions alone, for the 
case itself can be fashioned in almost infinite 
variety. With artistic proportions, the lamp 
will present a pleasing appearance with even 
a cheap finish, and bring out the full effect 
of expensive ones. Earlier ornamental arc 
lamps were defective from lack of recogni- 
tion of this principle, expensive casings and 
elaborate ornamentation being alone relied 
upon. 

Particularly pleasing examples of what 
may be accomplished in this respect are 
shown in Figs. 2, 11, 15 and 5, the latter a 
ceiling lamp. . 

By dispensing with the carbon rod, the con- 
ditions for ornamentation are immensely sim- 
plified. The chain lamp can be reduced in 
length by an amount more than equal to the 
length of the upper carbon, and as the dif- 
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ficulty found by the designer in the rod lamp 
lay almost entirely in its attenuated 
height, the amelioration thereby permitted 
is evident without reflection. The difference 
thus introduced is strikingly illustrated in 
Fig. 1, and in the ceiling lamp shown in 
Fig. 7. The slow introduction of the chain 
lamp can scarcely be ascribed to any dif- 
ficulty in its operation, and is most probably 
due to the singular apathy, before referred 
to, with which the arc lamp has been re- 
garded. 

In Fig. 4 is shown an arc lamp chandelier 
(with one of the lamps removed ), which form 
of hanging would seem to entirely obviate 
the objections to the use of the arc light in 
church and other interiors, where a number 
of units distributed would not be thought of. 
Heretofore, incandescent lamps have been 
used where electric lighting has been adopted 
for such places, but ornamental arc lamps 


grouped in a chandelier would not only give 


a more appropriate illumination, but, as here 
shown, admit of an excellent artistic effect 
in the fixture. Through the use of diffusing 
globes, ladies would not need to fear for their 
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complexions, and incandescent lamps could 
still be used as auxiliaries for lighting pas- 
sages and nooks. 

The matter of the suspension of arc lamps 
is one that thus far has received little atten- 
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tion. An arc lamp chandelier is a most de- 
cided novelty, while in most places where 
ornamental arc lamps are used, they are 
merely suspended as happens to be most 
convenient, with no eye to effect, and, per- 


FIG. 8. 


FIG. 9. 


haps, with the leading-in wires dangling 
about the case, or attached to slovenly open 
wiring. When brackets are used, they often 
are merely of rough iron obtained from the 
nearest blacksmith shop. The only object 
in payingan extra price for a handsome lamp 
is to secure a superior effect, but often the 
result, if there be a noticeable incongruity, 
is to create the reverse of the impression in- 
tended. 

For the designs from which the above il- 
lustrations were made, we are indebted to 


AM 


. 
DTT 


Jes 
ye 
we 


sary = 
RA 
R US 


A` 
oy 


es 
MAS ` 
ae 7 è 
es 
a oli 


ache 
map CSE 


FIG. IO. 


the courtesy of the General Incandescent 
Arc Lamp Company for Figs. 1, 4, 7, IO, 12 


and 15; to the Adams & Westlake Company 


for Fig. 9; to the Manhattan General Con- 
struction Company for Fig. 11; and to the 
General Electric Company for Figs. 2, 3, 5, 
6, 8, 13 and 14, | 
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CENTRAL STATION ECONOMY. 


In a paper read before the April meeting 
of the Chicago Electrical Association, Mr. 
Thos. C. Grier gave a compilation of points 
relating to little economies practised in cen- 
tral stations, obtained from letters written 
by central station managers in reply to a re- 
quest for suggestions on that subject. 

Two men from different parts of the coun- 
try wrote that ashes or cinders can be sold, 
as they are good for roadways and filling; 
one of them states that his company receives 
twenty-five cents a load for ashes. The wet- 
ting of coal is for the purpose of laying the 
dust and it should not be carried to excess, 
as all the superfluous water has to be evapor- 
ated and thus uses up fuel without doing any 
good. One man wrote that $50 or $60 spent 
for a platform scales for the boiler room will, 
if the scales is intelligently used in weighing 
coal and cinders, soon pay for itself and teach 
one the most economical fuel for the purpose. 

The secretary of a well 
equipped station describes 
the following arrange- 
ment for oiling dynamos: 
“We have an oil reser- 
voir from which over- 
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head pipes run to each machine. The 
pipes extend downward and have an 
opening directly over oil cups; this makes 
clean work and is very convenient. We 
have two good filters and all oil is filtered 
over and over again. We have had this sim- 
ple rig in use about two years, and it reduces 
the expense for oil and waste one-half. In 
February the entire expense for oil and 
waste was $7.35 for the following machinery : 
two 60-K W and two 120-K W alternators 
five 50-light arcs, one 90 K W and one 15o- 
K. W. generators, with all shafting, clutches, 
etc. Theexpense for oil is less than $100 per 
year.” 

Another station manager finds much sav- 
ing from the use of an oil filter. With seven- 
teen arc dynamios, three alternating dyna- 
mos, each with separate exciter, and one fifty 
horse power generator, he uses three barrels 
of oil per year. Ten of the arc machines run 
all night and one incandescent dynamo day 
and night. A good oil, he says, will stand 
filtering a number of times. 

A good method of cleaning dynamos is 


employed in a station in Wisconsin. A pump 


forces air into a small compressed air. reser- 
voir, from which small pipes run to the 
dynamos. There are valves near each ma- 
chine, A small rubber hose with a nozzle is 
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attached to any pipe, and in a minute the 
dirt in or on a machine can be blown away. 
This cleans parts that cannot be reached by 
the hand and saves repairs. 

Two station managers give suggestions in 
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regard to brushes. One states that on his 
arc machines two five-fingered and two six- 
fingered brushes are used on the commutator, 
which makes the wear even, no ridges being 
cut in the bars. 

Certain types of dynamos have carbon 
brushes bearing straight or end on the com- 
mutator. The springs which feed these 
brushes come to the end of their travel while 
114 ins. of the brush is still left. One elec- 


[2 as 
RB r x 


FIG. 15. 


trician writes that he has added an extension 
on one-half of all the springs in the station 
and transferred the partly worn brushes into 
a position underneath these springs, giving 
an additional 5 in. wear thereby. This 
amounts to a saving of nine cents per day. 
In the matter of carbons, the same elec- 
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trician found that by putting a stop in the 
upper carbon holder, so as to prevent the 
insertion of the carbon any further into the 
holder than is absolutely necessary to make 
it secure, the irregularities of adjustment by 
different trimmers can be eliminated and 
thus the carbons burned to the last quarter 
of an inch without danger of any lamps 
being extinguished before daylight by a short 
supply. With this device is combined a 
- slight reduction of the current after midnight, 
just enough to keep the double carbon lamps 
at the normal voltage instead of permitting 
them to burn high, as such lamps do if the 
current is kept full during the latter part of 
the night. The result is an economy of §3 
per day in carbons as against the correspond- 
ing lighting hours of last fall. The stop ap- 
pears to be a trifling item, but it secured the 
certainty of carbons lasting the calculated 
time. 

Where the arc light wires come to the 
small arm just over the head of an arc lamp 
and are fastened to the insulators, the wire 
sometimes breaks. To prevent an opeui cir- 
cuit from this cause an engineer in Wisconsin 
reinforces the wire at this point by joining a 
piece of wire to the main wire several inches 
each side of the insulator, making a sort of 
a bridge or by-pass for the current. 

A method for increasing the life of a pole 
is used in a plant in Illinois. A length of 
sewer pipe—tlie cheapest cull will answer—is 
slipped over the pole about to be set; after 
raising the pole adjust the pipe so that two 
inches of it will be above the surface of the 
ground, and fill in between the pipe and the 
pole with cement or grout. This keeps the 
moisture away from the pole. The pipe and 
cement cost about twenty-five cents per pole. 

A rather large station reports that from 
one o’clock in the afternoon until late in the 
evening a boy is kept at a dynamo regulator 
of the incandescent dynamos in order to reg- 
ulate the pressure on the lamps. The station 
instruments are not depended upon for this 
regulation, but pressure wires are run back 
from the center of distribution of the differ- 


ent feeders, and indicators placed at the end 


of the pressure wires. Though this is done 
on Edison three wire systems, but few alter- 
nating systems are carrying it out. More 
than the boy's salary is saveg in lamp 
renewals, from the pressure being kept 
regular during the heavy burning hours. 

On the system of 1000 volts primary and 
54 volts secondary, which carries the heavy 
lighting, two No. oooo wires are run the 
length of the block, and this station, having 
a large transformer of either 150 or 300 lights, 
is put on each pole and the transformers tied 
together in multiple, thus displacing a num- 
ber of small and inefficient transformers. 
The result is, not only economy in trans- 
formers, but ease in running service. 

A station of 3500 HP. recommends en- 
ploying a machinist by the year as Jack-of- 
all-trades. It has purchased a pair of belt 
clamps and outfit for $18, and has sent one 
of its men to a belt manufacturer to learn 
how to splice belts, etc. It also sent a man 
to the Thomson-Houston factory, at Lynn, 
to learn how to wind armatures. A Wheat- 
stone bridge was purchased for testing, and 
the station is now doing all its repairs, from 
winding armatures and arc lamp magnets to 
taking up the slack in thirty or more belts. 
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RONTGEN RAY TUBES. 


BY HERBERT B. SHALLENBERGER. 


In an article on Röntgen rays, which ap- 
peared in the May number of the AMERICAN 
ELECTRICIAN, it seems to be assumed that 
the source of the Rontgen rays is the surface 
of the glass bombarded by the cathode rays, 
and if this theory is accepted, the writer, 
Professor Hering, is correct in assuming that 
the smaller tlhe tube, the more perfect will 
be the focus. Mr. Edison seems to have 
accepted this as the correct theory also, and 
it seems to me rather remarkable that investi- 
gators should be led so completely astray 
from the actual facts as indicated in all the 
experiments which I have conducted, and as 
accepted by numerous investigators. 

That the Röntgen rays proceed from fluor- 
escent spots on the glass is true in some 
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radial point, and from thence proceed in a 
straight line or beam for some distance be- 
yond. 

In this manner the point of focus of the 
beam on the platinum plate is made more 
certain and depends for its accuracy on the 
accuracy with which the aluminum reflector 
has been made. Beyond the platinum plate 
inthe tube I have mentioned, is placed a 
small flat aluminum disk which was origi- 
nally intended to be made the anode plate, 
thus causing the platinum plate to become 
neutral, and acting only as a bombarded 
surface. The platinum bombarded by the 
focused rays now sends off in all directions 
the Rontgen rays, and, owing to its great 
density, and hence its capacity to the Ront- 
gen rays, permits very few of them to pass 
through, they being radiated from it in all 
directions toward the cathode reflector. 
While these rays cause the glass to become 
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forms of tubes, but this is true only of such 
tubes as have diffused cathode rays proceed- 
ing from an unfocused reflector and striking 
against the walls of the tube. Where this 
diffusion is general and the bulb becomes 
fluorescent over its entire surface, it will at 
once be seen that in order to secure anything 
like sharpness of outline, the tube should be 
small, since the entire tube is here the source 
of the rays. 

But let us examine an entirely different 
form of tube (see Fig. 1, page 58), such as 
was described by me as early as Mar. 7, and 
with which I secured excellent results as 
early as Feb. 15. This tube is known as the 
Crookes hot platinum tube, or, since its use 
in Rontgen ray work, as the focus tube. 
Here the cathode is a concave reflector of 
aluminum, which concentrates the Crookes 
rays on a platinum plate which is either neu- 
tral or can be made the anode, the plate 
being placed slightly bevond the radius of 
the reflector and ina straight line with its 
axis. The platinum plate is placed slightly 
beyond the radius of the reflector for the 
reason that the Crookes rays converge to the 


fluorescent, the effect is only produced by 
their passage through the glass, and the glass 
itself becomnesin no way a source of the rays, 
except toa very small extent as caused by 
stray Crookes rays. I very soon found that 
the value of the platinum plate was greatly 
enhanced by making it the actual anode, and 
with the tube so connected, I have produced 
a picture of the hand and wrist in three 
minutes which showed signs of considerable 
overexposure, but which was, nevertheless, 
so sharp that the outlines of the bones 
showed distinctly where one bone was placed 
directly over another; the tube in this in- 
stance was eighteen to twenty inches from 
the subject. An engaving of a print from 
this plate accompanies this article, but the 
half-tone process employed has failed to re- 
produce the delicate shadows and sharp out- 
lines of the original. I have tried quite a 
variety of tubes and have found nothing to 
compare with this form for sharp. rapid re- 
sults. Such parts as the knee, elbow, thick 
part of the foot and so on I have photo- 
graphed with fine detail in from ten to fif- 
teen minutes, 
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THE AMERICAN INSTITUTE OF ELEC- 
TRICAL ENGINEERS. 


The American Institute of Electrical En- 
gineers held its annual meeting in New 
York City on May 19 and 20, at which 
the following officers were declared elected: 

President, Dr. Louis Duncan, Johns Hop- 
kins University. 

Vice-presidents; Charles Proteus Steinmetz, 
General Electric Company, Prof. Harris J. 
Ryan, Cornell University; Prof. Wilbur M. 
Stine, Armour Institute. 

Managers; L. B. Stillwell, Westinghouse 
Electric & Manufacturing Company; Prof. 
W. L. Puffer, Massachusetts Institute of 
Technology; John W. Lieb, Jr., N. Y. 
Edison Illuminating Company, and F. A. 
Pickernell, Long Distance Telephone Com- 
pany. 

Treasurer, Geo. A. Hamilton, Western 
Electric Company. 

Secretary, Ralph W. Pope. 

The hold-over officers are as follows: 

Vice-presidents; August Hibbard, M. I. 
Pupin and W. F. C. Hasson, Managers; A. 
E. Kennelly, W. D. Weaver, C. S. Bradley, 
W. B. Van Size, C. F. Scott, B. J. Arnold, 
Carl Hering and C. T. Hutchinson. 

The secretary reported the total member- 
ship to be 1035, a gain of 91 over the pre- 
vious year. 

The most important paper submitted at 
the meeting wasa report on ‘‘ Standards of 
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Light ” by Profs. E. L. Nichols, C. H. Sharp 
and C. P. Mathews, of Cornell University. 
Seven standards are thoroughly discussed, 
and the conclusion arrived at that of all, 
candles are the least reliable, and that the 
very best way we have at present time of 
determining candle power is by the Hefner- 
Alteneck lamp. In this lamp, which is used 
asa standard in Germany, amyl acetate is 
the burning fluid. 

Mr. F. J. McKittrick read a paper in 
manuscript on ‘‘An Experimental Study 
of E. M. F. Induced on Breaking a 
Circuit,” 

Mr. Chas. K. Haguet, in a paper entitled 
‘An Analysis of Transformer Curves,” ex- 
amines into the cause of the distortion in 
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transformer currents. The conclusion ar- 
rived at is that such distortion is due, not 
to hysteresis, bnt to the variation in the 
permeability of iron, as first pointed out by 
Prof. Rowland. 

Messrs. Geo. F. Sever, A. Monell and C. 
L. Perry presented a paper on the ‘‘ Effect 
of Temperature on Insulating Materials.” 
The conclusions are that paper is a better in- 
sulation and withstands increase of tempera- 
ture much better than cloth, oiled paper or 
oiled cloth. That paper and cloth have a 
maximum insulating resistance, when first 
heated, at about 140 degs. F. and are not in- 
jured mechanically under 360 degs. F. 
That the point of maximum insulation re- 
sistance for paper and cloth depends upon 
the rapidity with which the temperature is 
increased, and that both give a high resistance 
after cooling, but have then little mechanical 
strength. That it would be well to bake 
paper and cloth insulation to 250 degs. F. 
before applying varnish or shellac. 

In a paper on ‘‘ The Reconstruction of the 
Plant of the Chicago Board of Trade,” Mr. 
B. J. Arnold describesthe changes made in 
an isolated installation whereby a reduction 
of $10,000 per year is made. 

The plant replaced consisted of six boilers 
operated ata steam pressure of about seventy- 
five to eighty pounds; five small steam en- 
gines in different parts of the building driv- 
ing several arc and incandescent machines 
and ventilating fans; andtwo pumps for four 
hydraulic elevators. For these were sub- 
stituted five boilers carrying 125 lbs. steam 
pressure; two compound condensing en- 
gines running at 275 r. p. m., each direct 
connected to a seventy-five kilowatt direct 
current generator by means of the Arnold 
system, which permits either or both genera- 
tors to be driven from either engine; four 
Sprague electric elevators; a storage battery 
of 1000 ampere-hours, and six 10-HP electric 
motors. 

The plant as reconstituted has the total 
generator capacity available at all times, and 
allows one engine to be in reserve for re- 
pairs, thus doing away with the investment 
for a third unit, which is usually carried in 
such plants for safety. The system, when 
used without the battery auxiliary, is pro- 
vided with magnetic clutches, which permit 
the generators to be brought up to speed as 
motors, and thrown in connection with the 
engines without stopping either engine. 
This makes it possible to connect either gen- 
erator with either engine without shutting 
down the plant in any part. With such an 
arrangement, with the engine and generators 
equal to the maximum capacity of the plant, 
and with a battery auxiliary equal to one- 
third the capacity of the plant, any office 
building can be operated, in the opinion of 
Mr. Arnold, in the most economical manner, 
for when the battery is in operating order, 
one unit in conjunction with the battery 
handles the plant economically and satisfac- 
torily, leaving one unit in reserve. In case 
the battery is out of service, both units can 
be operated until the battery is ready for 
service again, and during the light load 
period the battery auxiliary takes care of 
the entire service of the building, without 
the use of either the engine or generator 
units. 
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METHODS OF STARTING INDUCTION 
MOTORS. 


BY P. M. HELDT. 


In starting continuous current, shunt 
wound motors,a starting rheostat is gener- 
ally employed, the resistance of which is 
connected in series with the armature of the 
motor. By means of a sliding contact piece 
and contact buttons, this resistance is cut 
out gradually as the motor acquires speed. 

Similarly, in starting up alternating induc- 
tion motors, a starting device is mostly 
used. As, according to most prophecies re- 
garding electrical engineering in the future, 
the induction motor is to have a wide appli- 
cation, a description of some starters ap- - 
plicable to this type of motors may be of in- 
terest to the readers of these columns. 

An induction motor has two windings, a 
primary or field winding and a secondary or 
armature winding. The primary current is 
supplied from the generator, while the 
secondary currents are produced by_the in- 
ductive effect of the primary on the second- 
ary winding. The general practice seems to 
be to have the primary winding on the sta- 
tionary, and the secondary winding on the 
rotating part of the motor, but in the larger 
motors manufactured by the Westinghouse 
Company, the arrangement is just the re- 
verse. | 

First, the conditions that require special 
means for starting up the motor may be con- 
sidered. i 

When the current is turned on the prim- 
ary of an induction motor with short cir- 
cuited secondary, the same conditions exist 
as in a transformer with short circuited 
secondary. There will result a rush of cur- 
rent into the primary and, consequently, a 
large drop of potential in the line, which 
could not be tolerated if lights were supplied 
from the samne circuit. It is for this reason 
that in some of the latest poly phased installa- 
tions, the light and power supply circuits 
are entirely separated. 

Besides this, there is the question of start- 
ing torque. The maximum starting torque 
is obtained when the resistance and induct- 
ance of the secondary system are equal. In 
practical machines this relation never exists, 
for two reasons. 

Firstly, in a motor with a secondary wind- 
ing designed so as to have equal resistance 
and self-incuctance, the loss due to the re- 
sistance of the armature conductors would 
be excessive; or, if this loss or the rise of 
temperature of the armature, which latter 
depends on the former, is made to govern 
the maximum output of the motor, it would 
have a relatively small output in compari- 
son to its weight. Secondly, such a motor 
would show a large variation of speed with 
varying load which, in most cases, is not de- 
sirable. The resistance of the armature 
winding is, therefore, always much less in 
value than the inductance. 

To reduce the generator current necessary 
for starting the motor and to increase the 
starting torque, is the object of the starting 
device. Some of the devices to be described 
hereafter only decrease the starting current, 
but do not change the relation between re- 
sistance and inductance of the secondary 
system, and, consequently, do not increase 
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the starting torque corresponding to a given 
primary current. This class will be con- 
sidered first. 

A resistance or self-inductance (choking 
coil), connected in series with the primary 
winding of the motor, would reduce the ef- 
fective voltage and consequently the primary 
current.. This arrangement is used by the 


FIG. I. 


Allgemeine Electricitats Gesellschaft. The 
objection to it is that a comparatively large 
line current is required to produce a certain 
starting torque. 

A more rational plan seems to be to reduce 
the voltage of the supply circuit while start- 
ing by means of a transformer using a trans- 
formation ratio of two or three, so that only 
about one-third or one-half the current in 
the primary is flowing in the line. The 
transformer may be dispensed with if the 
primary consists of two or more windings, 
connected in series while starting, and in 
parallel when running under normal con- 
ditions. These methods are in use by several 
European firms. 

We now come to the methods employed to 
increase the ratio of the resistance to the 
inductance (or rather reactance) of the 
secondary system. This may be done either 
by increasing the resistance or decreasing 
the reactance. When the armature winding 
is stationary, as is the case with the larger 
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Westinghouse motors, it is an easy matter to 
insert resistances in the armature circuits 
while starting up. Here the resistances are 
mounted on the frame of the motor and all 
of them can he thrown in or out of circuit 
simultaneously by means of.a lever. But as 
the primary winding rotates, the primary 
current has to pass through sliding contacts. 
If the armature is the rotatory part, it may be 
provided with collecting rings, suitably con- 
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nected to the armature winding. When the 
motor is started, these rings are connected 
through non-inductive resistances, but they 
are short circuited when the normal speed 
is attained. The starting resistance may 
also be placed directly on the rotating ar- 
mature. In this case, the short circuit is 
effected by means of rings sliding on the 
shaft. This latter method is employed by 
the General Electric Company in certain 
types of induction motors manufactured by 
it. 

An arrangement of armature circuits that 
admits of reducing the self-inductance of the 
armature has recently been patented in Ger- 
many by the firm of Siemen & Halske. It 
is based on the same principle, according to 
which non-inductive resistance coils are 
wound; that is, a portion of the winding is 
connected in opposition to the rest. Figs. I 
and 2 show the connections at starting, and 
under normal conditions, The arrows indi- 
cate the direction of the induced E. M. F.’s. 

The winding can be so arranged that the 
change from one connection to another is 
effected stepwise. For this purpose the 
smaller portion of the winding is divided 
into parts and provided with contacts, as 
outlined in Fig. 3. Provision should be 
made to connect the upper ends of the smaller 
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portions of the winding while the slide moves 
on the lowest contact point. 

There is another method of changing the 
phase of the secondary current, which con- 
sists in introducing an external E. M. F. into 
the secondary circuit. This E. M. F. must 
be alternating and have a certain phase rela- 
tion to the current flowing. The periodicity 
of the currents generated in the secondary of 
an induction motor is proportional to the 
slip. If then these currents be led into the 
primary of another motor having its rotating 
part onthe same shaft as the forner, the 
speed of this motor will be very nearly pro- 
portional to the slip of the first motor. But 
the speed of the two motors must be the 
same, as both havea common shaft. If both 
motors have the same number of poles, the 
slip will be about fifty per cent. A starting 
resistance is placed in the secondary of the 
second motor while starting. In the case 
where the secondary of the first and the pri- 
mary of the second motor are rotating, no 
sliding contactsare required. This combina- 
tion, although rather expensive, has the ad- 
vantage of nearly constant speed for all loads. 
A machine of this description of about forty 
horse power has been built at the Siemens & 
Halske works, and is operated successfully 
in a mine. 

Still another method of shifting the phase 


-of the secondary currents is to close the sec- 


ondary circuit through condensers. The 
capacity of the condensers neutralizes the 
self inductance of the armature. Here the 
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self inductive effect of the armature is re- 
duced without lessening the number of effec- 
tive armature conductors. It is the ideal 
method for obtaining large starting torques, 
but first cost considerations would appear to 
render it impracticable at the present time. 

In small motors, where a few per cent of 
efficiency may well be sacrificed for the sake 
of simplicity of construction and operatioti, 
it is the usual practice not to use any starting 
device, but to design the armature so as to 
have a relatively greater resistance. 
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POLYPHASED WORKING. 


In a paper read before the recent National 
Electric Light Association, Mr. W. L R. 
Emmet stated that the first three-phase 
apparatus made in this country was put 
in operation two and one-half years ago, 
and since then the company which fur- 
nished this has put in operation 33,500 
HP capacity in three phase generators; 
10,000 HP in three phase induction motors; 
14,800 HP in monocyclic generators; 6000 
HP in three phase synchronous motors; 
10,560 HP in rotary converters, and 42,000 
HP in transformers used for power pur- 
poses, the average capacity of the latter 
being sixteen horse power, and the largest 
having a capacity of 1100 HP. Different 
methods of distributing power and light by 
alternating currents were illustrated by dia- 
grams showing the connections used with 
each. 

Fig. 1 shows a three phase system as or- 
dinarily applied to the transmission of power 
for lighting and other purposes over long 
distances. The generator may be of any 
convenient voltage since step-up transformers 
are used. These transformers are in three 
units or groups, two of these units being 
available to transmit a large proportion of the 
power in case one is disabled. Two sets of 
step-down transformers are shown, one sup- 
plying 1000-volt distributing lines and the 
other supplying a system of four wire sec- 
ondary mains. With a given lamp voltage 
such mains give a slightly better copper 
economy than the ordinary three wire sys- 
tem, and afford an excellent means of second- 
ary distribution. Such a system as is illus- 
trated in this diagram, it was stated, will give 
excellent service in almost any town, the 
low tension mains taking care of the thickly 
built up portion, and carrying the bulk of 
the lighting load, while the high tension 
distributing system covers all outlying por- 
tions and operates large power units. A 
number of large plants has been installed 
within the last two years, using the three 
phase system as here shown. 

Fig. 2 shows the connections for distribu- 
tion by the monocyclic system. Here all 
lights are connected single phase between 
a single pair of conductors leading from the 
generator, the motors being operated from the 
same single phase circuit in combination 
with a third conductor leading from what is 
known as a ‘‘teazer coil” on the generator, 
Here the simple three wire system is used 
for secondary distribution, and if it is desired 
to connect motors to the lower tension mains, 
a supplementary transformer is used, which 
supplies a secondary teazer wire; to this and 
the outside wires of the three phase system 
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the motors are connected. The great merits 
of the monocyclic system as stated are, 
that the number of conductors required for 
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lighting and power distribution is reduced to 
a minimum, and that no unbalancing is pos- 
sible. The operation of three phase motors 
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from this system is in all practical results the 
_ same as when they are run from three phase 
circuits. 

Fig. 
phase system, with distribution by four con- 
ductors. Here the 
tween two separate circuits which must be 
kept balanced within certain limits, depend- 
ing upon the regulation of the generator or 
the amount of care that can be given to the 
adjustment of pressure on the different sides. 
Where motors are run, the two circuits must 
be brought together. The two-phase, four- 
wire system can be operated either from a 
generator with two independent circuits, or 
all four conductors can lead from one arma- 
ture winding. 


3 shows the connection of the two- 


lighting is divided be- 


Fig. 4 shows the two-phase, three-wire sys- _ 


tem which has been used to some extent for 
both high tension distribution and for distri- 
bution by secondary mains. The principal 
advantage in this system is that it requires 
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one less conductor than the four-wire two- 
phase system, Its disadvantages are that the 
insulation of the apparatus is subjected to a 


1.—THREE-PHASE D SYSTEM. 


voltage forty-two per cent higher than that 
which is available in transmission, and that 
the self induction in the lines and transform- 
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ers causes an unbalancing of the voltage on 
the two sides of the system, accompanied by ` 
a distortion of the phase variation. 

In the discussion of Mr. Emmetts paper, 
Mr. Van Trump said that he was operating a 
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two phase system with a synchronous motor 
driving Edison generators on a three-wire 
system, and the system works beautifully 
with only one exception—with a perfectly 
steady and even load on the Edison genera- 
tors and no fluctuation whatever in their 
speed, there seems to be a slight fluctuation 
on the alternating mains as though the 
motors tended to get out of synchronism, 
which, however, they never do. 

Mr. Emmet ascribed this effect to the 
variation in speed of the prime mover, sucha 
variation tending to pull the motor out of 
step. Every time the generator varied the 
least bit in speed, it would tend to pull out, 
and in so doing would cause a variation in 
the voltage. 

Mr. Scott, in reply to a question by Mr. 
DeCamp,said that large transformers supply- 
ing a number of customers would in general 
be more economical than a number of indi- 
vidual transformers. The cost of secondary 
mains from the larger transformer may, how- 
ever, be prohibitive if the district is a very 
large one. In general Mr. Scott believes in 
the use of secondary mains with alternating 
systems, and thinks that this will be found 
most economical aside from very excep- 
tional cases. Mr. Scott also referred to the 
measurement of power on polyphase systems. 
A three-phase system, he said, is so inter- 
connected that without extended or elaborate 
measurements, it may be impracticable to 
determine the load, whereas, on the two- 
phase system in general, the amount of 
power measured directly in one circuit,added 
to the amount of power measured directly in 
the other circuit, will give the total power, if 
For this and 
other reasons, the two phase system with in- 
dependent circuits seems to Mr. Scott to be 
the best arrangement. 


the conditions are normal. 


Mr. Scott described a method of secondary 
distribution, which he thinks has a future 
before it, consisting of a three-wire system, 
but with only two wires running from the 
In this case a 200-volt cir- 


central station. 
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cuit might b€ used as secondary mains, and 
two connections made to a customer. On 
the customer's premises would be a balanc- 
ing coil with a single winding adapted to 200 
volts, the two ends of the coil being con- 
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nected to the 200-volt circuit, and a loop 
brought out from the middle of the coil, be- 
tween which and either of the secondary 
mains there would be a voltage of 100. This 


ferereler 


coil would serve to preserve a balance be- 
tween the two circuits, so that should the 
number of lamps be greater on one circuit 
than on the other, the E. M. F. would be 
practically balanced. 

Mr. Wagner spoke of a series alternatiny 
arc system which he has now in use, whose 
circuit is similar to that used in series arc 
lighting; he is now operating as many as 
seventy-five alternating current arc lamps on 
one transformer and this does not seem to 
be the limit. 

Mr. Dow stated that at present series alter- 
nating arc lamps can be made to work as 
well as old series direct-current lamps. 


TESTING IRON AND STEEL FOR MAG- 
NETIG QUALITY. 


In a paper recently read before the Chicago 
Electrical Society, Mr. W. K. Howe gave an 
interesting description of the various practical 
methods which have been devised for testing 
iron and steel for magnetic quality. As 
these methods illustrate in concrete form 
some of the principles of magnetism, includ- 
ing hysteresis, we abstract the following de- 
scriptions. 

In Fig. 1 is shown an instrument devised 
by Ewing for measuring hysteresis. It con- 
sists of a permanent magnet, NV, S, pivoted on 
a knife edge, between the poles of which 
the specimen of iron to be tested, .S, is ro- 
tated, the specimen in this case being a num- 
ber of pieces of armature disk iron. The sam- 
ple is rotated by hand by means of a large 
friction wheel which gears with a smaller 
one on the shaft, 7. The speed of ro- 
tation is a matter of no particular impor- 
tance, providing it is not so slow that the 
readings are unsteady. The principle of the 
apparatus is as follows: When the end, 7’, 
of the sample appoaches .V, it becomes mag- 
netized by lines of force from .V, and there- 
fore tends to attract the end of the magnet 
to it. Asit passes awav from Mit, of course, 
continues to attract the permanent magnet, 
but in an opposite direction. Owing, however, 
to the lag of magnetism, that is to sav, to 
hysteresis—/, at any point to the right of .V 
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has a stronger magnetism than at a corre- 
sponding point to the left of V; consequent- 
ly, when Sis rapidly revolved, .V-S takes up 
a permanent deflection on the side toward 
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the stronger magnetism, the amount of which 
is indicated on the scale at 7, | Standard 
samples cf iron of known quality are sup- 
plied witi the instrument, and the actual 
loss in a given sample tested is determined 
by comparison with this standard. 

In Fig. 2, is shown an instrument origi- 
nally designed by Prof. S. P. Thompson and 
modified by Kapp. The specimen, .S, to be ex- 
amined is firmly held in the top part of a 
massive soft iron yoke, } and has its lower 
end faced up truly and held central by the 
brass collar, C. Below the specimen is a small 
soft iron plunger, Z} which is guided at both 
ends. Its upper end is faced true and is held 
against the specimen, S, by magnetic at- 
traction, and to its lower end, H’, is fastened 
a scale pan for receiving weights. The oper- 
ation of testing is as follows: A certain 
measured current is sent through the mag- 
netic coil, a-b, and weights are then added 
until the plunger is pulled off. From the 
area of contact at /, and the total weight of 
the plunger, scale pan and weights, the 
number of lines of force is easily calculated, 
being the square root of the quotient of the 
weight in pounds by the cross section of the 
specimen in square centimetres, multiplied by 
3345—this giving the number of lines per 
square centimetre. In practice, a curve is 
plotted in terms of lines of force per square 
centimetre or square inch, and of the corres- 
ponding pounds to detach the plunger, from 
which, with a given specimen, the data re- 
quired may be found from the curve when the 
detaching weight is determined. 


Fig. 4, shows an instrument designed by’ 


Mr. L. T. Robinson for making tests for either 
hysteresis or permeability. The specimen, 
S, is held by suitable clamps inthe two mass- 
ive pole pieces, Y Y, which embrace an 
armature around which is wound in a longi- 
tudinal direction a cecil, C, of fine wire. 
When a current is passed through a coil, a-b, 
on the sample to be tested, the pole pieces 
V, V., are magnetized, and the armature, (C, 
is deflected more or less according to the 
number of Hues of force generated in a-v. 
Once standardized, by sub. tituting any bar 
of the same section as S, and with the same 
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current in «a-b, the magnetic value of the 
material of the bar may be determined. 

In Fig. 3, is shown an apparatus devised 
by the late Rudolph Eickemever for testing 


FIG. I.—EWING HYSTERESIS APPARATUS. 


the magnetic qualities of iron. It consists 
of two massive pieces of soft Norway iron, N 
Stand VIS, about the central columns of 
which is wound a magnetizing coil, A-Ø. 
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FIG. 2.—THOMPSON-KAPP PERMEABILITY 
METER. 


In the middle of the coil is a soft iron needle, 
N-S with an aluminum indicator, wl ich 
plays over a vertical scale, A Whena cur- 
rent is passed through ./ Ø, the indicator 


FIG. 3.—KEICKEMEYVYER PERMEABILITY BAL- 
ANCE. 


normally remains in a vertical position 
through the influence on the soft iron 
needle of the coil alone; for, the influence 
on the needle of the lines of foree which pro- 
ceed from S! toV is neutralized py those 
also proceeding from S to.V. If, now, an 
iron bar is laid against the side, M.M !, the 
lines of force on that side are shunted, and 
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those proceeding from Sto A’ on the oppo- 
site side cause the needle to be deflected. 
In practice, the bar to be tested is placed 
against, sav, the sides JZ -V ', and standard 
iron bars of smaller section are then placed 
against the side of N-S until the needle re- 
turns to zero. When this occurs, the two 
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FIG. 4.—ROBINSON PERMEABILITY METER. 


magnetic shunts are of the same value, and 
by comparing the sum of the sections cf 
the standard bars with the section of the 
iron being tested, the comparative magnetic 
value of the latter is found. 


— 


Electric Motors. The diversity of uses to 
which electric motors are now being put is 
explained by a list recently published, enum- 
erating the orders received in two weeks by 
a single company. Motors were called for 
to operate printing presses, saws and planers 
ina box factory, an assortment of mining 
machinery ina coal mine; machinery in a 
large bakery; blowers in a stove works; a 
fire pump; a mine pump; large arc lighting 
dynamos; a jib crane, traveling cranes; ma- 
chinery in an oilcloth works; inclined rail- 
way etc., ete. 
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Electric Power Transmission in Canada. ‘Ihe 
Lachine Rapids of the St. Lawrence are to 
be utilized and their power turned into elec- 
tricity. For some time past work has been 
carried on by the Lachine Rapids Hy- 
draulic Company, upona large wing dam 
which rnns out for more than a thousand 
feet into the St. Lawrence River. A fall of 
water is secured by means of this dam, suffi- 
cient to develop at the low water season 
15,000 HP. Upon the dam a power house 
will be built, which will run its entire length 
and show an unbroken interior of 1000 ft. 
long. The basement of this will be occupied 
by the water and the main floor will contain 
the dynaimos, of which there will be twelve 
General Electric machines, each of 1000 
HP or 12,000 HP in all. They will be of 
the polyphased type and will generate 
current for transmission to Montreal for 
use there in lighting the city, operat- 
ing the street railways and for lighting and 
power purposes. The contract for this clec- 
trical installation ts the largest ever placed 
at one time for electric dynamos, It is also 
worthy of note that, although it was com- 
peted for by every prominent clectrical 
manufacturer in the world, the superiority 
of the American apparatus kept the order 
with home manufacturers. 


AMERICAN ELECTRICIAN. 


Tesla on Marriage.—During a recent inter- 
view Mr. Tesla was asked if he believed in 
marriage for persons of artistic temperament. 
In reply he said that for an artist, musician 
or writer, yes; but for an inventor, no. The 
first three, he said, may gain inspiration 
from a woman’s influence and be led by their 
love to finer achievement, but an inventor, 
he believes, has so intense a nature “with so 
much in it of wild, passionate quality ” that 
in giving himself toa woman he might love he 
would vive everything, and so take every- 
thing from his chosen field. He does not 
think that many great inventions can be 
named that have been made by married men. 
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Telegrams Extraordinary. During the Elec- 
trical Exposition, one of the events was the 
sending of a telegraphic message by Dr. 
Chauncey M. Depew to Mr. Edward D. 
Adams (who was in the exhibition hall) za 
the Pacific Coast, Nova Scotia and London. 
The message was transmitted by Pres. A. B. 
Chandler, of the Postal Telegraph Company, 
and received upon its return by Mr. Edison, 
the time elapsed being four minutes. Only 
one relay, at San Francisco, was used in the 
land transmission. An answer from Mr. 
Adains followed the same course. The fol- 
lowing is the message sent by Dr. Depew: 

God creates, nature treasures, science utilizes elec- 


tric power for the grandeur of nations and peace of 
the world. 
Not to be outdone in telegraphic composi- 
tion, Mr. Adams returned the following 
reply : 

Mighty Niagara, Natures work, serving man, 
through the world’s electric circuit proclaims to all 
peoples, science triumphant and a benevolent 


Creator. 
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Electricity in the Household and Hospital.— 
Among the nuinerous applications of elec- 
tricity, as recently illustrated at the Electri- 
cal Exhibition in New York, is a modern 
method of producing heat by electricity 
for household and hospital service, and 
in such a way as will appeal to many an in- 
dividual “under the weather” and to the 
medical profession generally. Advantage is 
taken of the heating effect produced by the 
passage of a current of electricity to con- 
struct a flexible, fire-proof mat or pad of as- 
bestos, in which are concealed conducting 
wires, the appliance thus formed being util- 
ized in making the local applications of heat 
heretofore effected by the hot water bag, 
compress, soapstone or brick. It has been the 
experience of most poor mortals at some 
time or other to wrestle with the elusive 
water bottle and suffer under its extremes of 
temperatures. The device referred to is so 
simple and effective that after the first 
“hurry call,” the nurse can cease her peri- 
odical wanderings after hotter water and the 
patient be permitted to nurse his pain in 
peace. It must happen that the beneficial 
effect of a ‘“‘ local application’? is often lost 
or retarded by the necessity for frequent re- 
newals of the water bags. The “ electro- 
therm,” for that is the name of the new 
heating pad, necessitates no such changes, 
and a constant temperature can be main- 
tained indefinitely. In prolonged or acute 
cases of rheumatism, pneumonia or the good 
old fashioned stomach ache, the electrotherm 
should prove a relief alike to patient, docto- 
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known method of exterminating hairs. 
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and nurse. All that is necessary is to con- 
nect the flexible cord which accompanies 
each pad to the ordinary electric fixture and 
regulate the temperature by a simple little 
switch provided for the purpose. We under- 
stand that the electrotherm has supplanted 
older means in many instances, and has most 
satisfactorily proved its efficiency and con- 
venience, Ordinarily it is furnished with a 
felt or flannel cover, in which form it is suit- 
able for many purposes, and it is also covered 
with rattan for use as a foot warmer, for 
warming beds, dishes and food. It is such a 
clean, convenient and sensible device that 
we may soon expect to find it in all house- 
holds so fortunate as to be provided with 
electric service. 
: eer TEONE 

X Ray Foolery. Two Chicago professors 
have put forth a theory that Röntgen rays 
will kill disease germs, and the following is 
the argument they offer in its support: ‘The 
magnetic force from the X rays will pass di- 
rectly into the affected tissues, electrolysis 
being the result. The chemical decomposi- 
tion liberates the oxygen, which unites with 
the free oxygen of the body and produces 
ozone. Itis in reality this ozone which does 
the work, as it is guaranteed to kill every 
particle of bacteria the body may at that time 
possess.” Unfortunately for this theory, 
Röntgen rays do not possess magnetic force; 
if they did, magnetic force could not cause 
electrolysis; if electrolysis took place, it does 
not follow that the oxygen liberated would 
remain free; if it did pass beyond the nas- 
cent state, it would not combine to form 
ozone, even if there was ‘‘ free oxygen of the 
body ” forit to combine with. Why any oxy- 
gen released by electrolysis should not in it- 
self form ozone instead of seeking for the “free 
oxygen of the body,” “Professors” Pratt 
and Wightman (the theorists in question) do 
not explain. 

Another theory in regard to “X rays” 
has been advanced by Professor Daniel, 
of Vanderbilt University. A Röntgen tube 
was kept a half inch from a patient's head 
for an hour in an attempt to obtain an 
“X radiograph,” and several weeks later the 
spot on the head opposite the piston of the 
tube became bald. Professor Daniel thinks 
this incident may bear a suygestion as fol- 
lows: ‘“ X rays are yet unexplained; Professor 
Rontgen believed them to be longitudinal 
vibrations; it is difficult to distinguish a longi- 
tudinal deplacement of the ether from an 
electric current ‘‘as far as it goes” (what- 
ever this qualification may mean); sending 
an electric current to the roots is a well 
The 
conclusion is both cautious and ambiguous: 
“If any such quasi-electric current has re- 
sulted from the X rays, the effect upon the 
hair might be thus accounted for.” 

The above theories reeall one advanced 
concerning ‘‘universal electricity,” as fol- 
lows: ‘‘As all the surrounding worlds are 
probably heterogeneous, doubtless nebulae 
and most of the meteors and comets, are 
also charged with electricity. ‘Those bod- 
ies Which are hot heterogeneous are doubtless 
charged by radiant electricity from other 
Thus it is logical to infer that the 
universe is vibrating radiant elec- 


bodies. 
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Hysteresis. 

The form of hysteresis tester, described in 
another column, very plainly illustrates the 
principle of hysteresis or magnetic lag. 
Notwithstanding the rather formidable 
name, this phenomenon is a simple one, 
and, moreover, one of considerable practical 
importance in the making of electrical ma- 
chinery. In order to overcome the resistance 
of magnetism to be reversed, energy must 
be expended. Ifthe iron resists strongly, 
considerable energy may be required, which 
will reappear in the form of heat in such 
quantities as to give the apparatus a higher 


temperature than it can safely bear. 
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In a recent instance, sheet iron for the 
armature disks of a motor of a special de- 
sign was purchased from the usual stock of 
a hardware dealer and used in the construc- 
tion of an armature. When the motor was 
finished and tried, an alarming degree of 
temperature was soon attained, and it was 
seen that the machine could not be used. 
The designer, of course, was held responsi- 
ble and accused of not knowing his business. 
Upon investigation, he discovered that the 
cause was hysteresis, as the armature became 
as hot when turned by belt as when run by 
current. 
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Compressed Air Motors. 

The Metropolitan Railway Company re- 
cently arranged to have a few street cars, 
ten or twelve in number, fitted with com- 
pressed air motors for trial, and the result has 
been a slight scare in street railway circles— 
perhaps due more to the mysteriousness 
with which the ‘“‘ new” motor is surrounded 
than otherwise. As the compressed air 


motor has been in existence almost since 


the steam engine, it is little likely that at 
this late day revolutionary discoveries have 
been made concerning the utilization of 
this type of fluid engine. 


Before the day of electric traction, com- 
pressed air apparatus was repeatedly tried 
for street traction, but in no instance, in this 
country at least, was it able to compete with 
the horse or mule as motive power. Even 
were it untried, the principles involved in 
the utilization of compressed air have for 
fifty years or more been as well known as 
those relating to steam, and, therefore, there 
is little room for belief in any startling 
innovations. In recent years compressed air 
has been used on a French street railway, 
apparently with satisfaction, but this has 
not led to its adoption elsewhere in Europe, 
where electric traction, as in this country, 
has had a clear field. 


— TM 
Polyphased Working. 


The abstract in another column of a paper 
read by Mr. W. L. R. Emmet before the re- 
cent National Electric Light Convention, 
will be found of interest, particularly on ac- 
count of the very complete diagrams which 
it contains of different polyphased circuits. 
Of these, the two-phased system is repre- 
sented with both three-wire and four-wire 
circuits. It may be well to repeat here that 
in the former case, the third wire corres- 
ponds to the conimon return of a continuous 
current circuit, while in the three-phased 
system each of the three wires in turn acts as 


the “return” for the other two. The fours- 
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wire system consists of two distinct simple 
alternating circuits, neither differing in any 
respect from any two ordinary circuits from 
separate alternators. It is only when the 
two currents are used in combination to de- 
velop magnetism that unusual consequences 


follow. 


It is an interesting fact that about the 
first alternating currents extensively used in 
electrical lighting were generated from what 
were polyphased machines. The machines 
made by Gramme for use in Paris with Jab- 
lachkoff candles contained a number of sep- 
arate circuits so wound that the currents 
produced differed in phase—the different 
currents supplying separate series of lamps. 
Itwas not, however, until the discovery of 
the principle of the rotary field, which was 
independently made by Tesla and Ferraris, 
that the vital importance of difference of 
phase was appreciated. 


Alternating Currents. 


The article in another column by Lieut. 
Patten on alternating currents will be found 
instructive through bringing out clearly and 
in simple language the relation to each other 
of the several different kinds. Itis shown 
that at the same time, a direct current and 
single, two-phased and three phased alter- 
nating currents may be taken from the same 
machine. Moreover, the method described 
by which this may be done is so simple and 
so inexpensive of application, that almost 
any of our readers will have opportunities to 
test it practically. The article will perform 
a good office if it serves to dispel the mystery 
with which the nature of alternating currents 
in general unfortunately still continues to be 


surrounded. 


The ordinary direct-connected dynamo is, 
in fact, an apparatus which generates alternat- 
ing currents of many phases, the simple al- 
ternator and two and three-phased machines 
being, in principle, merely simpler forms of 
that apparatus. If a dynamo has, for ex- 
ample, a 72-part commutator, it generates 
thirty-six alternating currents, each reaching 
its positive or negative maximum one-thirty- 
sixth of a revolution behind the current in 
advance. Any two adjacent bars of a coni- 
mutator correspond to the two rings of an 
alternator, and, as shown by Lieut. Patten, 
by making continuous connection with cer- 
tain other bars, two and three-phased cur- 
rents can be procured. The function of the 
commutator, one of the greatest of electrical 
inventions, is to rectify and then add together 
the numerous alternating currents of dif- 
erent phase, thereby producing and deliver- 
ing a continuous current. 


——— 
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Optical Efficiency. 


As light is a form of energy, its efficiency, 
with reference to the energy from which 
it is generated, admits of calculation if the 
If the hight is that of an 
incandescent lamp, by measuring the amount 


data are at hand. 


of electrical energy supplied in a given time 
and the amount of heat given off in the 
same time, the difference will give the 
amount of energy transformed into light. 
It has been found that but from three to 
five per cent of the energy supplied to an 
incandescent lamp is transformed into light, 
and but ten to fifteen per cent in the case 
of the.arc lamp. In other words, while an 
efficient 16-cP incandescent lamp of the 
present day consumes fifty watts of electrical 
energy, but from 1.5 to 2.5 watts are trans- 
formed into light, the remainder being 
wasted and appearing in the obnoxious form 


of heat at the lamp. 


The field thus offered for improvement is 
the greatest and most tempting in the entire 
range of science, and the inventor who suc- 
ceeds here will have a royal reward. The 
difficulties in the way of improving optical 
efficiency are, however, of the gravest char- 
acter. Besides, a solution consisting in pro- 
ducing light ata higher optical efficiency, 
would not necessarily solve the problem as far 
as illumination is concerned, for the character 
of the light has also to be considered with 
reference to the human eye. Any light, 
therefore, departing widely from the stand- 
ard which is thus set, such as in an excess of 
For this 


reason it is questionable if the efficiency of 


actinic rays, might be useless. 


the incandescent lamp can be carried toa 
very high degree, for this involves a greater 
proportion of actinic rays, which are harm- 
ful as well as disagreeable to the eye. 


—— ed 
Electric Lamp Globes. 


In another column Prof. Shepardson points 
out a number of considerations that ap- 
ply in the selection of lamp globes, which 
is a subject to which usually little attention 
is paid. As will be seen, two efficiencies 
enter, which are in a sense antagonistic—the 
one relating to the utilization of the light 
emitted by the source for illumination, and 
the other to the character of the illumina- 
tion. To the latter a sacrifice of from twenty 
to sixty per cent of light is usually made, 
and even the clear glass globes, which merely 
protect the source of light, may involve a loss 
of twenty per cent. With such great losses at 
the receiving apparatus, it would seem that 
some of the thought spent on attempts to at- 
tain a few per cent. more efficiency at the gen- 
erator or, with alternating currents, at the 
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transformer, might with profit be devoted to 
Re- 


cently several forms of globes have been in- 


producing a more efficient lamp globe. 


introduced on the market which, though 
made of clear glass, give a diffusing effect 
similar to that obtained with opal and ground 
The diffusion of the light in 
this case is caused by corrugations, both in- 


glass globes. 


ternal and external, and, it is claimed, with 
a very small loss through absorption, or, in 
other words, through the change of light 


into heat rays. 


Prof, Shepardson refers to a compen- 
sation for the loss of optical efficiency 
through the use of translucent globes, which 
comes from the fact that the iris of the eye 
opens wider on account of the reduced in- 
tensity of the rays, so that one may actually 
see much better than if the light were 
stronger, This is the cause of the paradox 
that, at least in small interiors, visibility is 
increased when clear glass incandescent 
lamps are replaced by frosted lamps, though 
with the latter a large percentage of the 
The photo- 


meter thus is not the true measure of light 


light is wasted by absorption. 


efficiency, and as the actinic components in 
light increase through the incandescent 
filament being heated to a greater intensity, 
the spectroscope may probably be called into 
use to modify the indications of the former 


apparatus. 


Steam Engine Efficiency. 


Much has been written concerning the va- 
riation of the efficiency of the steam engine 
with changes of load, but we know of no 
contribution to the subject in which present 
knowledge on the subject is summed up as 
clearly and concisely as in the article in an- 
other column by Prof. Durand, director of 
the School of Marine Engineering at Cornell 
University. Though necessarily somewhat 
general in its treatment, the reader, by ref- 
erence to the curve representiny the type of 
engine in which he is interested, can confine 
his attention to that more particularly, and 
it would be well worth his while to compile 
from ita table of the variation of water con- 
sumption with various loads above and be- 
low the normal, as such information will not 


come amiss in practical working. 


When compound engines were first used 
in electrical generation, much was said about 
their great inefficiency under small load, 
and it was argued that the case would be 
even worse with triple expansion engines. 
By reference to the curves of Prof. Durand, 


which are all compiled from practical en- 
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gine tests, it will be seen that actually the 
reverse is the case, the multiple expansion 
engines being better adapted for variable 
load than simple engines. The cause of the 


contrary belief was probably two-fold. 
First, it is only comparatively recently that 
the various losses between the coal pile and 
the electrical receiver have been separated in 
determining plant efficiencies; when changes 
from simple engines were first made, it is 
probable that attention was also then given 
for the first time to the taking of economy 
data. 


led to erroneous interpretations and com- 


This situation, therefore, naturally 
parisons. Second, itis not yet clearly under- 
stood that the economy of the several types 
of engines cannot be considered without ref- 
erence to the pressure at which they are 
used. To each type there corresponds a 
pressure at which it is most efficient, and 
therefore, it is not surprising that those who 
have replaced compound with triple-expan- 
sion engines without change of pressure, 
should become skeptical in regard to the 
claims for high efficiency made for the latter 
type. The economy comes from the number 
of expansions used, and the larger the nuinber 
of expansions the higher the initial pressure. 
As both experience and theory have shown 
that but a limited number of expansions can 
be economically made in one cylinder, the 
necessity therefore arises of dividing it iuto 
two or more stages, whence compound and 


triple expansion enyines. 


The remarks of Prof. Durand concern- 
ing the size of engine units are in line with 
current opinion as to under-loading. The 
price between one size of an engine and an- 
other a size or two larger is so comparatively 
small that the temptation, in view of a prob- 
able increase of plant, is very great to pur- 
chase the larger size, but in many cases, 
particularly where coal is expensive, a re- 
The 


conditions in this respect, however, are com- 


sultant loss instead of a gain results. 


plicated, for while the undesirability of 
under-loading may be recognized, in addi- 
tion to the consideration mentioned above, 
questions of space occupied and electrical 
efficiency enter, and in the end, when work- 
ing at its normal capacity the larger engine 
will have a higher efficiency than its equiva- 
lent in smaller units. As it is shown that 
an engine works with better economy on an 
overload than on an underload, this fact 
is one that should not be forgotten when 


the question ‘of adding an additional 


engine comes up. Any good engine should 
stand a moderate overload without ill con- 
sequences, particularly if it is one which is 
rated at the power corresponding to its max- 


imum efficiency. 
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A RONTGEN RAY OUTFIT 


THE VACUUM TUBE AND FLUOROSCOPEĘ. 


While a Crookes tube cannot be conven- 
iently made, as can the other essential por- 
tions of this outfit, considerable care. must 
be taken in selecting one for purchase, and a 
few hiuts will be useful to the uninitiated. 
It must be borne in mind that the Röntgen 
ray is as yet an unknown quantity, and a 
day’s điscovery may contravert all the hints 


here given. However, science is now obtain- 


ing the best results with tubes that conform 
to the following general conditions : 

The tube must be of the thinnest glass 
available, and sufficiently strong to withstand 
the mechanical stress due to the pressure of 
the atmosphere. Thick glass when used in 
Crookes tubes heats to a very high tempera- 
ture, and if the tube is forced, it frequently 
gets red hot under the influence of the dis- 
charge. By experimenting with tubes hav- 
ing both thick and thin walls, it was found 
that thick walls were heated to melting 
while the thin walls remained quite cool. 
A thick wall is more strongly fluorescent 
than a thin wall, but is greatly inferior to it 
in radiographic power. For this and other 
reasons, it is very doubtful if the intensity 
of the fluorescence of a Crookes tube is a 
criterion of its excellence as regards its abil- 
ity to generate Rontgen rays. 

The size of the tube is an important feat- 
ure. If sharpness of detail is particularly 
desired, the smaller the tube the better. In 
fact, some of the best results have been taken 
with so-called ‘‘perfect vacuum” tubes. 
These tubes were primarily designed to 
demonstrate the fact that a perfect vacuum 
is also a perfect insulator. A small tube, 
with two terminals a few millimeters apart, 
is exhausted tothe highest degree of vacuum 
attainable by any known means. This tube, 
when placed in circuit with a powerful induc- 
tion coil, presents such a high resistance to 
the discharge that the latter prefers to strike 
around the outside of the tube rather than 
to pass through the interior, This very 
prettily shows the principle the tube was 
intended to demonstrate. This tube, how- 
ever, has the property of generating Rontgen 
rays when excited by an ordinary induction 
coil, and as it is very small it casts an ex- 
tremely sharp shadow, for a precisely anal- 
agous reason to that which accounts for the 
sharpness of the shadow cast by the ordinary 
arc light. The short distance between the 
terminals of this tube permits the use of a 
correspondingly small induction coil, and it 
is, therefore, a desirable tube for those who 
cannot afford apparatus as powerful or elab- 
orate as that described in the last article. 
Up to date there is no particular advantage 
in a large Crookes tube. Small ones when 
properly excited seem to give just as power- 
ful emanation of Rontgen rays, and have the 
advantage of giving a clearer definition. 

The shape of the tube is of as great im- 
portance as the size, and technical discus- 
sion is now rife as to which is the best. The 
latest theory of the source of the Rontgen 
raysis that they emanate from the surface or 
surfaces that are first impinged upon by the 
cathode rays, or rays proceeding from the 
negative pole of the Crookes tube. This gen- 
erating surface may be, and indeed often is, 
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the anode. For this reason several eminent 
authorities were deceived into stating that 
the anode was the source of the Rontgen 
rays. This, it will be seen, in the light of 
what has just been said, is only true in cer- 
tain cases. A metal surface seems to be a 
more powerful source of Rontgen rays than 


a glass one when subjected to a cathode 
bombardment, and of the metals platinum 
appears to be the best. 

The metal in this case does not reflect the 
Rontgen rays. It is, instead, the source of 
them. This fact was discovered through a 
very fortunate circumstance. Crookes, in 
showing shadow effects, constructed tubes 
with a shield of metal mounted in the tube, 
as shown in Fig. 1. Pictures taken with 
such tubes were wonderfully sharp and dis- 
tinct, and subsequent investigation developed 
the cause. Mr. Herbert B. Shallenberger, 
who was, perhaps, the first to produce Ront- 
gen pictures of marked perfection, undoubt- 
edly owes his success to the fact that among 
other favorable conditions he employed a 
Crookes tube of this type, slanting it, as 
shawn, for best distribution. Therefore, it 
is well to select this type in preference, pro- 
vided that it otherwise fulfills the require- 
ments. 

Now that Crookes tubes are being made 
specially for Rontgen photography, tubes of 


FIG. 2. 


this type are to be had which are a decided 
improvement on the old Crookes form for 
demonstrating the theory of luminous 
shadows. Such a tube is shown in Fig. 2. 
Prof. Elihu Thomson has gone so far as to 
suggest that such a type be made standard. 
Mr. A. A.C. Swinton has employed the 
tube shown in Fig. 3 with great success. 
Professor Thomison’s type and that of Mr. 
Swinton, it will be noted, differ only in de- 
tail. 

The mode of connecting this kind of tube 
varies with the source of electrical power 
employed. An induction coil discharge is 
practically a pulsating discharge always in 
the same direction, as explained in an an- 
swer to a query in the May number of this 
journal. Therefore, the terminals of the 
Crookes tube maintain their identity; that 
is, one is always anode while the other is 
always cathode. If a condenser and Tesla 
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coil are employed, the discharge becomes 
oscillatory and the tube terminals are alter- 
nately cathode and anode. For use with an 
induction coil alone, the middle plate should 
be made the anode, and the two end plates 
should be connected together and made the 
cathode. In this case the cathode rays 
strike the anode and the Rontgen rays are 
projected therefrom. With oscillatory dis- 
charges, the tube is connected so that the 
two end terminals are the electrical termi- 
nals, the middle plate being disconnected 
from any source of power. It will be seen 
that as the end terminals become alternately 
cathode, they project the cathode rays 
upon the middle plate and thus generate the 
Rontgen radiations. In either case it will 
be noted that all of the cathode rays gener- 
ated inthe tube are projected against the 
middle plate and are thus effective. 
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FIG. 3. 


Tubes like that shown in Fig. 4 are quite 
common. Röntgen pictures can be secured 
with such a tube, but the best results are not 
attained. On examining the tube with a 


fluoroscope, it will be noted that the light is 


not evenly distributed. The edges of the 
cathode terminal project the cathode rays 
against the glass directly in line with the 
plane of the terminal disk. This line of 
fluorescent glass is the most brilliant source 
of the Röntgen rays, and is sure to make a 
white streak across the picture. This non- 
uniform distribution is, of course, undesir- 
able. Another shape of tube, which is on the 
inarket, shown in Fig. 5, 1s built upon the 
theory that the Röntgen rays come directly 
from the cathode. This was one of the first 
theories and has been discarded. Such a 
tube will give results perhaps as good as any 
of the tubes not specially designed for 


FIG. 4. 


Röntgen pictures, but is not an improve- 
ment on them, forthe theory on which it was 
designed has not proven to be the correct one. 
The tube shown in Fig. 6 has also been used. 
It will be noted that its distinguishing feat- 
ure is the auxiliary terminals on its exterior. 
These enhance the Röntgen effect. They 
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are merely a modification of the tubes with- 
out terminals passing through glass, and, in 
fact, are a combination of tubes with external 
terminals, and tubes with internal terminals. 
The benefits of this practice may readily be 
had on any Crookes tube by pasting a tinfoil 
cap about each terminal, and electrically 
connecting it therewith. Whatever the ben- 
efit of the tinfoil cap as far as Rontyen rays 
are concerned, it is decidedly useful in pre- 
serving the tube, as it minimises the danger 
of puncturing. The tube shown in Fig. 7 is 
perhaps the best tube of any of this class, 


FIG. 5. 


having but two terminals. The saucer 
shaped terminal is the cathode, and from 
what has been said its principle will be seen 
ata glance. It was designed by a professor 
at King’s College, London. It will give good 
results with an induction coil, butis not suit- 
able for use with disruptive gap currents. 

The shape of the terminals is also quite 
important, but aside from arranging them 
for projecting the cathode rays, little experi- 
ment has been made. In Crookes tubes, be- 
fore Rontgen rays were known, terminals 
were made of many shapes, but with other 
purposes in view. Flat and saucer shaped 
disks are used with success, and there is the 
specially shaped reflector terminal in the 
Thomson projector tube already described. 
The writer has noted that cathode rays are 
projected with great intensity from sharp 
points and edges, and suggests that tubes be 
constructed with cathode terminals armed 
with sharp points, the better to project the 
cathode rays against the generating plate. 
The value of this idea requires to be experi- 
mentally demonstrated as yet. 
- The degree of the vacuum is the next im- 
portant feature. To every degree of vacuum 
there is a corresponding electrical excitation 
which gives the best results. Highest vacua 
are not necessarily the most desirable. It is 
said that superior results are obtained where 
the vacuum is at that degree of alternation 
that the striæ just disappear. 

Continuous excitation of a Crookes tube 


FIG. 6. 


has the effect of raising the vacuum, but if 
the excitation be increased proportionally, 
the Röntgen effect will be improved. If, 
however, the excitation is at its limit, the 
tube can be brought back to its range by 
gently warming it in a Bunsen flame or the 
flame of an alcohol lamp. 

The kind of glass of which the tube is 
made is an important consideration. Amer- 
ican glass contains lead, which may be de- 
tected from the fact that it fluoresces blue. 
A .suitable glass gives a greenish yellow 
fluorescence and German glass is said to be 
superior for this purpose. 
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In purchasing a Crockes tube it is impos- 
sible to tell of its quality by a mere inspec- 
tion. Reputable dealers in them should 
provide means for exciting them and a fluor- 
oscope for examination so that the buyer can 
see exactly what he is getting. The buyer, 
on the other hand, should insist that the tube 
be tried in some way before purchasing. At 
least the tube should be excited so that the 
grade of glass and the degree of vacuum can 
be demonstrated. 

The Fluoroscope.—The fluoroscope is 
really one of the most simple parts of a 
Rontgen outfit. Success is certain to attend 
the efforts of any one skilled to the slightest 
degree in the use of tools. It is preferably 
made of thin wood, but pasteboard also 
answers excellently. Cigar box wood will 
be suitable. Suppose the size of the fluores- 
cent screen has been decided to be 6 ins. « 6 
ins. The aperture at the eye-end of the 
fluoroscope should be 4 ins. X 11in., and the 
depth of the instrument should be at least 
nine inches. Anything shorter fatigues the 
eye in bringing the images to a focus. 

Select four pieces of thin wood, ten or more 
inches in length, and six and one half inches 
wide. Cut the four pieces, two as shown in 
Fig. 8, and two others as shown in Fig. 9. 
Nail and glue them together as indicated in 
Fig. 10. Round the sharp corners with 
sand paper and give the end edges a flatten- 


FIG. 7. 


ing at right angles to the axis of symmetry by 
means of a sharp plane a sand paper. Glue 
and naila suitable handle in place as shown 
in Fig. 10. Make a mixture of shellac and 
lamp black, with an excess of the latter, and 
give two coats of this mixture to the interior 
of the truncated pyramid. The interior 
must be light tight. 

Cut a piece of stiff bristol board to fit the 
large end of the box. This board is now to 
be prepared to receive the calcium tungstate, 
which 1s, probably, the best salt to use for the 
purpose. Platino-cyanide salts are quite ex- 
pensive. The board should be thoroughly 
coated with shellac, and the fluorescent salt 
sprinkled upon it while it is still sticky. 
The calcium tungstate should not be pow- 
dered, but should be allowed to retain its 
crystalline form. When complete the pre- 
pared screen resembles coarse sand paper in 
mechanical appearance. It may be secured 
in its place by light wire nails supplemented 
with glue. The cracks should now be closed 


by gluing paper over them in neat strips. . 


It should then be given a coat of shellac and 
lamp black, the shellac being in excess so as 
to make the finish glossy. 

The principal dimensions of the leather 
shield for the eyes are given in Fig. 11. In 
making this it is well to cut the pattern out 
or dark paper, and fasten it about the fluor- 
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oscope and trim it to fit the face as required. 
The leather may then be cut from this cor- 
rected pattern. It should be secured in place 
about the mouth of the fluoroscope with a 
gimp tape and brass tacks. A soft fringe 
trimming should be sewed to the outer edge 
of the shield. The ends may be shaved and 
lapped, and the joint secured with belt 
cement. If well made, the instrument 
should have a neat, attractive appearance. 

Mr. Herbert B. Shallenberger has kindly 
supplied to us the following information 
concerning the making of Röntgen radio- 
graphs. As stated above, the radiographs 
made by him have been remarkable for their 
definition and delicate shading; the Jatter 
characteristic, however, unfortunately does 
not admit of reproduction in half tone cuts, 
and therefore, does not show in the illustra- 
tion on another page. 

As to the plates which are best, Mr. 
Shallenberger differs in opinion from some 
other investigators, since he has found that 
as between fast and slow plates, those which 
are rapid for ordinary photography are rapid 
for Rontyen ray pictures and, as one would 
naturally expect, in proportion to their sen- 
sitometer number. The statement made by 
Mr. Edison some time since that plates 
which were slow or suitable for landscape 
purposes were most rapid for the production 
of Rontgen pictures, he has never been able 
to verify; in fact, the results of his own ex- 
periments have disproven it. He has found 
a plate manufactured by the M. A. Seed Dry 
Plate Company, sensitometer number 26x, 
to be very excellent for the purpose. These 
plates are placed in an ordinary plate holder 
having an ebonite slide, thoroughly light 
tight. The plate holder, wherever possible, 
is placed in a horizontal position on a table 
or other secure support, and the tube placed 
on an independent stand, as free from all 
motion as possible. 

The distance of the tube from the plate 
must be determined by the thickness of the 
object to be photographed, but should al- 
ways be far enough to cause the shadow to 
be as little larger than the object as possible. 
Mr. Shallenberger has found that from 
twelve to fourteen inches between plate and 
tube is right for an 8X Io plate, and for 


such parts as the hand, ankle or elbow, is 
sufficient to give good results. For thicker 
portions of the body, such as the chest, the 
distance must be greater—from twenty-four 
to thirty inches—and the exposure must not 
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only be made longer to suit the greater thick- 
hess of the object, but also to suit the dis- 
tante, as the power of the rays varies in- 
versely ds the square of the distance. 

He has always tried to so time the expos- 
ures as td show the different layers of tissue, 
dnd this is best accomplished by somewhat 
tunder-exposing the plate and working it very 
Slowly in the developer. This latter poiht 
particularly applies to Röntgen ray expos: 
ires, as it was very soon discovered that the 
Kelatine film was acted upon throughout its 
entire thickness, instead of on the surface 


FIGS. 9 AND 10. 


only, as in ordinary photography. After 
placing in the tray and flooding with devel- 
oper, some little time elapses before the 
image begins to appear, when it develops 
rather suddenly, and after becoming quite 
distinct, sinks into the film and acts much 
like an over-exposed plate. The developer 
should at this point be slightly weakened, 
and the plate, screened from the light, 
should be allowed to remain in it until the 
light from the red lamp will not penetrate 
through it, and a strong positive can be dis- 
tinctly seen by looking at the back of the 
negative. This produces a plate having fine 
contrasts and possessing excellent printing 
qualities. With the ordinary photograph 
this treatment would produce a very harsh 
result, but the Röntgen picture seems to re- 
quire a building up, as it were, of the entire 
film. 

A developer composed of equal parts of 
“ Eikonogen” and ‘‘ Hydroquinone,” made 
according to a formula of his own, has been 


FIG. II, 


found by Mr. Shallenberger to be all that 
could be desired for this work. It admits of 
a wide range of exposure, is readily con- 
trolled, gives a black and white negative, and 
deals gently with the fingers. Aside from 
these advantages, it may be used repeatedly 
if so desired, which, however, is not advis- 
able, as one never knows what to expect 
from a developer which has been used and 
allowed tostand. It is well to retain a small 
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amount of the spent developer, as by adding 
a little of it to the fresh, it prevents too vig- 
orous an action. 

The making of prints from the negatives 
should be given fully as much attention as 
the negatives themselves, as otherwise the 
careful, patient work which has been neces- 
sary up to that point, will all have been in 
vain. Mr. Shallenberger long ago aban- 
doned the old ‘‘printing out’’ process, 
and now confines himself entirely to a pro- 
cess of development which is so flexible as 
to admit of almost any treatment of the 
print. The paper used in connection with 


-this developing process should be a gelatine 


er, such as ‘‘Solio’’ or ‘‘ Albunia.’’ 
3 


ELECTRICAL CONNECTORS. 


In experimental electrical apparatus it is 
well known that the ordinary contacts some- 
times introduce a large resistance into the 
circuit because of oxidation or insufficient 
pressure. To remedy some of the defects, 
eliminate time as far as possible in making 
connections and avoid many of the accidents 
liable to happen during experiment, the fol- 
lowing apparatus has been devised by F. E. 
Austin, Hanover, N. H. 

The reversing switch shown consists of a 
slate base, a, having four holes, 1, 2, 3, 4, 
containing an amalgam or pure mercury. In 
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the holes, 7, n, which connect with 2 and 3, 
are inserted two rubber stoppers with a very 
small hole in their centers. When it is de- 
sired to connect the circuit to the switch, all 
that is necessary is to insert the ends of the 
copper wires of the line through the minute 
hole in the stoppers, which will enlarge to a 
considerable degree, due to the flexibility of 
the soft rubber, which also causes the hole to 
close compłetely when a wire is withdrawn. 
To reverse, all that is required is to lift the 
top of the switch by the handle and turn 
through one quarter revolution. The mer- 
cury makes excellent contact while the 
heavy slate base gives the instrument stabil- 
ity. 

A connector, also shown herewith, con- 
sists of a hard wood or rubber cylinder, b, 
having a central hole filled with conducting 
amalgam, and the ends fitted with soft rubber 
stoppers, &, a, through which the wires of the 
circuits can be inserted. This connector 
avoids the possible loss of screws as in ordi- 
nary connectors, the loss of time in making 
connections, and, being made of insulating 
material, the possibility of a short circuit. It 
can be seen that the principle of these con- 
nectors, which can be made of any form, is 
readily applicable to a great number of 
experimental uses. 
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FAULTS IN DYNAMOS. 


Open circuits on an armature betray their 
nature and locality as quickly as do short 
circuits. The moment that they occur, the 
commutator flashes up violently, and on shut- 
ting the machine down the bars connected to 
the bar just in front of the defective bobbin 
are found to be severely burned. A mere in- 
spection of the armature will disclose the loca- 
tion of the open circuit, as there are usually 
not more than two, and often only one, lavers 
of wire on machines of any size. 

An open circuit in the field is perhaps the 
most difficult of all faults to locate. It often 
occurs on the outsidé of the field magnet it- 
self, and the writer has known of cases where 
the trouble was sought for in the field mag- 
net when it consisted of a burned out coil in 
a rheostat, or even was simply a case of leav- 
ing the field switch open. Sometimes the 
break will occur at the terminals, the wire 
being broken off close tothe body of the coil. 
It is very likely to be in the outer layer, 
as that part of the coil is Hable to damage. 

Cheaply made, high voltage, shunt field 
coils are very liable to open or short circuit, 
as they are wound without regard to layers 
or turns, and in such coils, unfortunately, the 
trouble is exceptionally difficult to locate. 
This cheap and unreliable construction is 
used considerably, even by firms of estab- 
lished reputation. If an open circuit occurs 
while the machine isin operation, and in the 
interior of the field magnet, it is always 
serious. A flaming arc follows the break 
and often burns a hole in the body of the 
field coil aslarge as a hickory nut. 

Open circuits are tnost readily detected with 
a magneto bell, and may be approximately 
located by connecting the magneto to the 
inner end of the field coil, and the free ter- 
minal to a cambric needle; the latter can 
be thrust gently into the coil from the out- 
side, and will soon strike a turn through 
which the magneto rings, showing that the 
break lies in the layers already pierced by 
the needle. This method should not be tried 
with either very fine or very coarse wind- 
ings, and the needle should be annealed so 
that it will bend before it will break. 

While it is obvious that electrical faults 
are confined to failure of either the copper 
conductors or the insulation surrounding 
them, yet they occur in sucli a variety of 
ways and produce so many different effects 
that a review of a number of actual cases 
within the writer's experience may be in- 
structive. 

A most puzzling special case was that of a 
short-circuited bobbin of a sixty-light Brush 
dynamo. Contrary to the general rule, this 
bobbin did not betray its condition by burn- 
ing out or even overheating, for the great 
number of turns and the almost complete 
iron circuit surrounding them, gave the coil 
such a high self-inductance that it effectually 
choked down the current that otherwise 
would have been generated. Fora long time 
the fault baffled detection, and the only in- 
dication of its existence consisted in the fact 
that the machine fell sixteen per cent. short 
of its normal voltage. It was finally dis- 
covered by measuring the resistance of the | 
coils successively. As there were only six 
sets, this labor was not great. The excep- 
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tionally low resistance of the faulty coil, of 
course, betrayed it. 

Another case where the difficulty was 
equally elusive occurred on an electro-plat- 
ing machine. The machine, which was of 
the Brush series type, refused to generate, 
and, of course, an open circuit was at once 
suspected. The machine was tested with a 
magneto, and its circuits were found to be 
apparently intact. After a long, tiresome 
search the fault was found. One of the 
rocker cables was not clamped tightly 
enough to its connector, the fault being an 
open circuit. This case is a good illustra- 
tion of how readily a magneto test may lead 
one astray, Here was a good circuit for the 
magneto with its relatively high voltage, but 
one through which the machine with its ex- 
tremely low voltage failed to force sufficient 
current to start the excitation. This kind 
of trouble, however, is not confined to low 
voltage machines; it may occur on machines 
having a voltage of two or three thousand 
volts. Whatever the running voltage of a 
machine, the conditions may be such that 
the starting voltage is the merest fraction of 
a volt, and a fault of the nature just described 
can prevent such a machine from building 
just as eas'ly as if the running voltage were 
very low. Where this trouble is suspected, 
the magneto should be discarded, and the 
tests made with a single dry battery and an 
ordinary electric bell. The magneto will 
ring briskly through a circuit where the bell 
and battery will fail. 

An interesting case was that of a short cir- 
cuited Brush arc armature. Connection was 
made between the armature terminals through 
the iron rocker arms, the fault being a double 
arc. For some reason it was suspected that 
the armature—a new one—was not properly 
connected, and in investigating this point 
the brushes were taken off. The fault, of 
course, disappeared as soon as the short cir- 
cuited portions were thus isolated, and the 
armature tested out properly. On replacing 
it the trouble reappeared and defied detection 
until it was noticed that there was a circuit 
through the machine with two of the brushes 
off. An examination of the faulty rocker 
arm disclosed the difficulty. 

Ina bipolar, constant potential machine, a 
curious fault once developed in the writer’s 
experience. The commutator and armature 
ran very hot, even when the load was com- 
pletely off and the machine was generating 
current barely sufficient to excite its fields. 
The writer used a magneto to test the ma- 
chine while it was being assembled, and each 
segment of the commutator and coil of the 
armature was found impervious to the 
electromotive force of the magneto, which 
could readily ring through 10,000 ohms, It 
was discovered that the shellac was of a poor 
` quality, and on being heated it became con- 
ducting. It had been liberally applied to the 
interior of the commutator when it was as- 
sembled, and when all of the bars were con- 
nected together by the winding, their com- 
bined area of imperfect contact was sufficient 
to pass considerable current, which heated 
the commutator and windings. The fault 
was removed by baking out the commutator 
for a long period of time. This remedy would 
not always be successful, but the impurities 
in the shellac were, in this case, of such a 
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the difficulty. 

Electrical faults are very nearly covered 
by the class of troubles involving either 
copper or insulations, and comprise short 
and open circuits and also grounds. There 
are, however, a number of mechanical faults 
that are hable to occur in dynamos, and 
their detection is often fully as difficult. 
Several of these that are often puzzling are 
worthy of mention. 

There are quite a number of smooth cored 
drum machines now in use, that have their 
core punchings insulated from the shaft. 
These machines are always very old, for the 
practice of so insulating core disks has been 
proven to be superfluous. Such a machine, 
after years of running, will pulverize the in- 
sulation next the shaft, and presently the 
disks will have sufficient play to throw the 
armature out of balance. If the offending 
member be taken out and rebalanced, it will 
immediately throw itself out of balance 
again and be as bad, if not worse, than ever. 
Presently the disks will be so loose that they 
will shift on the slightest provocation, and 
balancing becomes an impossibility. Then 
the armature must be removed and stripped 
and the core rebuilt. In rebuilding such a 
core, it is much better to use cast iron sleeves 
rather than wooden bushings, as with the 
iron sleeves the same trouble can never occur 
again. Another trouble which is quite fre- 
quent in occurrence, especially with new 
machines, is the shifting of the commutator 
bars. A commuator that has been running 
smoothly will suddenly begin to cut on one 
side of every bar, and will feel to the fingers 
as though it were a ratchet wheel. The fact 
often is, that the bars have, as a whole, taken 
up a new position, and their radial center 
lines are now at an angle with their former 
position. Sometimes a commutator will 
do this a number of times before it finally 
decides to stay fixed, the operation being 
very analagous to the settling of the founda- 
tion of a building. The only method is to 
tighten the retaining rings, and turn down 
the commiutator after every shift of position. 

A sprung shaft anda shaft out of line will 
both cause hot bearings, and it is difficult 
for some people to detect the difference. 
A shaft out of line turns hard in its bearings 
uniformly throughout a revolution. A 
sprung shaft, on the other hand, has periods 
of free and confined motion during a 
revolution. Realignment will correct the 
first difficulty, but it will be a skillful job for 
a good machinist to correct the second. Ifa 
machine has self-aligning bearings, it may 
be run even though the shaft is sprung, by 
loosening the caps of the bearings; but loos- 
ening the caps of such bearings, will not cure 
heating that is due to any other cause. 
Running a machine with a sprung shaft, 
whatever method is used, 1s, however, only a 
temporary makeshift. 

The faults that can occur on a dynamo 
electric machine are comparatively few in 
number, but they disguise themselves under 
so many different modifications, and by 
simultaneous occurrence, that they often 
puzzle the expert. The only way to acquire 
ability to successfully cope with them is to 
never be satisfied with a cure simply, but to 
search diligently after the cause. 
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THE INDICATOR CARD. 


In order to determine the horse power 
being exerted by a steam engine, it has been 
shown that what is required to be known 1s 
the distance through which the engine 
piston travels in a minute and the average 
pressure behind the piston. 

In regard to the first point—the travel—it _ 
will readily be seen that the fact of the piston 
having a to-and-fro motion introduces no 
complication, since the pressure is exerted 
and work done exactly as if the travel were 
continuously in the same direction. If, there- 
fore, the revolutions are, say, 114 per minute 
and the stroke 36 ins. or 3 ft., the piston in one 
minute, since it makes 114 X 2 = 228 strokes 
in that time, will travel 3 XX 228 = 684 ft. It 
must be borne in mind that since horse power 
refers to foof-pounds, the stroke must always 
be expressed in /eet. 

Next, as to the average pressure. It is evi- 
dent that as we wish to know the total work 
of the enyine, this quantity must be the aver- 
age fofa/ pressure on the piston; since that 
pressure is always measured in pounds per 
square inch, it will therefore be the area of 
the piston in square inches, multiplied by the 
average cylinder pressure of the steam per 
square inch, this latter being determined from 
an indicator card. Assuming the diameter of 
the piston to be 28 ins., its total area in square 
inches will be the square of 28 into the num- 
ber .7854 or 784 X .7854; or, neglecting the 
fraction, 625 sq. ins., which quantity would 
ordinarily be taken from a table of dreas of 
circles. 

Since, however, on the crank side of the 
engine the area of the piston on which press- 
ure is exerted is less than on the other side, 
by the area of the piston rod, allowance must 
be made for this. If the piston rod is two 
inches in diameter its area is, in even numbers, 
three square inches, and the effective area on 
that side of the piston is thereby reduced to 
622 sq. ins. As we never want to know the 
horse power of each side of the cylinder sep- 
arately, but merely wish to find the average 
total horse power, we use in horse power cal- 
culations the average of the areas on each 
side, which in this case is 625 -+ 622 or 624 
sq. ins., nearly. If now we know the average 
steain pressure in the cylinder we shall have 
all the quantities necessary to calculate the 
horse power. 
dicator card. 

Iig. © is a reproduction of an indicator 
card taken from an actual engine with a 
28 in. X 36 in. cylinder, making 114 r. p. m. 
The diagram from one side of the cvl- 
inder is in full line, and that from the other 
side isin dotted line, except where the ex- 
haust lines of the two cards coincide. The 
card was taken with a sixty pound spring, or, 
in other words, a spiral spring, which, if a 
pressure of sixty pounds per square inch 
were admitted beneath the indicator piston, 
would cause the indicator pencil to move 
through one inch; the indicator piston itself, 
however, would move only through one- 
quarter or one-fifth of that distance, the piston 
travel being multiplied by the link motion 
used. 

It is evident that if we draw a vertical line 
at any point of the card, the length of that 
line cut off by the card will represent the 


This brings us again to the in- 
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pressure that existed in the steam cylinder at 
the corresponding point of the engine stroke 
when the card was taken. If the length of 
this line measures, for example, 11% ins., 
then the actual pressure at that point was, for 
a sixty pound spring, 1% X 60 = 75 lbs. per 
square inch. It is also evident thatif we were 
to draw a large number of such vertical lines 
evenly spaced, the average length of these 
lines would correspond to the average press- 
ure. 

In practice, it is usually necessary to draw 
only ten such evenly spaced vertical lines. 
Now it will be seen that if we were to divide 
the atmospheric line (which represents the 
true length of the indicator card) into ten 
parts, and commence the vertical lines at the 
end, the two extreme lines would measure no 
pressure at the exhaust ends of the diagrams, 
and perhaps little or none at the steam ends, 
only touching these at perhaps a single point. 
Therefore, it is necessary to commence the 
vertical lines a half division away from the 
end of the card, as shown in Fig. 1. In prac- 
tice, if the atmospheric line is divided into 
ten equal parts, one can make dots midway 
between the divisions and draw the pressure 
lines upward from these dots. 


O 
N 


FIG. 


Having drawn the verticals or pressure 
lines, the next operation is to measure the 
lengths cut off from these by the steam and 
In- 
dicators are usually supplied with scales 
graduated in pounds to accord to the indicator 
spring used, in which case the lengths meas- 
ured are read off directly in pounds. In Fig. 
1 these measurements are given, the upper 
ones corresponding to the left hand card, and 
the lower ones to the right hand card. Add- 
ing these together it will be found that the 
total for the former is 614, or dividing by 
ten we get 61.4 Tbs. as the average pressure 
for that side of the eylinder; similarly, we 
find 59.5 Ibs. to be the average tor the other 


exhaust lines of the indicator diagrams. 


side of the eylinder. Adding these two aver- 
ages together and dividing by two, we have, 
finally, 60.4 Ibs. as the average pressure to 
be used in calculating our horse power. 
Since the average area of the piston 1s 624 
sq. ins., and the average pressure of the steam 
moving the piston is 60.4 Ibs. per square inch, 
the total moving pressure is 624 > €0.4 = 
37,689.6 Ibs. Since in one minute we have 
found the piston to move through 684 ft., the 
foot pounds of work per minute consequently 
are 37,68y.6 ` 654 or 25,779,656 ft. Ibs. 
Finally dividing by 33,000, the number of 
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foot pounds per minute corresponding to a 
25,779,656 


33,000 =781, which 
D 


horse power, we have 


is the horse power of a 28 in. )< 36 in. engine 
at If4 r. p. m. under an average or mean 
cylinder pressure of 60.4 Ibs. per square 
inch, 

In practice it is not customary to measure 
each pressure length of the vertical lines sep- 
arately, but to add their lengths on a long 
slip of paper; that is, by taking a long slip of 
paper and marking on it the length of the 
first line by two dots, then moving the sec- 
ond dot to the foot of the next vertical and 
marking its length by another dot, until the 
ten lines of one diagram (or even the twenty 
lines of the two diagrams) are thus added to- 
gether. Then, by measuring the entire 
length between the extreme dots on the slip 
and dividing them by ten (or by twenty if 
both diagrams are included) the mean or 
average pressure is at once obtained. 

If the card (Fig. 1) were measured in this 
manner, the length would be found 9!§ ins. 
for the right hand card and 10! ins. for the 
left hand one. As each inch corresponds to 
sixty pounds of pressure, 9! ins. would cor- 


respond to 60 “913 -= 595 lbs., and 1o'y ins. 
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to 614 Ibs. Dividing by ten we have 59.5 
Ibs. and 61.4 Ibs., as before. As the card 
has been somewhat distorted in engraving, 
it might be of interest to some readers to 
make the necessary measurements and find 
what horse power the card represents as 
printed. 

We have seen that the horse power is the 
product of the revolutions, twice the stroke, 
the piston area and the mean cylinder press- 
ure—divided by 33,000; or, horse power = 
revolutions 2 “stroke area - pressure 
m 7 33.000 ee 
Using only the initials, and dropping the 
multipheation signs, (1) may be represented 
by the easily remembered expression 

2 RAS P (2) 
33,000 

ngine constant. Since in a given engine 
the stroke constant, 
formula (2) may be separated into two parts, 
one of which, 7 a 

33,000 
the other, R P, varies with the load. It is evi- 
dent that useless work is done when for each 
card from an engine we calculate the value of 
2.45 


“, and in practice this is never done, its 
33,000 


(1) 


and the area remain 


jis always the same, and 


value being found once for all and called the 


(Vor. VIII. No: 2. 
engine constant, Having the engine con- 
stant, the horse power expression (1) be- 
comes 

constant X revolutions > pressure, 
and (2) becomes C R P, where C is the value 
of the constant. 

Since the engine constant is twice the piston 
area in square inches, multiplied by the stroke 
in feet—divided by 33,000, then in the case 
of the engine corresponding to the card of 
Fig. 1, we have, 

engine constant = 2 ONS es 

33,000 
or roughly, $}. In practice the horse power 
in the above case would have been found by 
merely multiplying together the revolutions, 
the mean pressure, pounds and the constant, 
.113 or horse power = 113 X 60.4 X 114 = 
751, as before. 

In the next issue the subject of the form of 
indicator cards will be taken up. 
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INTERIOR WIRING. 


THE CALCULATION OF WIRE. 


Although this part of planning a wiring 
installation is usually performed after the 
circuits have been designed, yet it 1s neces- 
sary to understand how to calculate the 
wire in order to use good judgment in lay- 
ing out the work. It is,in fact, the key 
note to the whole art of wiring, and, there- 
fore, this matter will be taken up in consider- 
able detail. 

By the aid of the table already given, the 
resistance of any piece of copper wire may 
be calculated if its length and its gauge be 
known. Conversely, the length and resist- 
ance being known, it is easy to determine 
the corresponding gauge. The length of the 
wire is always to be obtained by measure- 
ment or consultation of the architect’s plans, 
and the resistance by a consideration of the 
service the wire is to perform and the results 
that it is desirable to obtain. Only arith- 
metic 1s necessary. The data are always 
easy to obtain. 

In order to calculate the resistance of a 
wire to be used for a certain service, the 
volts lost in the line and the current flowing 
must be known. As before intimated, the 
hne loss is a predetermined amount, and the 
magnitude thereof is a matter of judgment, 
Instructions or convention. The choice of a 
line loss in a wire should be based on the 
losses in the other parts of the system feed- 
ing the wire and the parts of the system the 
wire is to feed, forthe whole must not exceed 
a certain amount—the total volt line loss of 
the installation. In buildings that are well 
wired this line loss rarely exceeds five per 
cent, and is seldom smaller than one per 
cent. The dynamo is usually adjusted to 
regulate to this amount. : 

The current flowing is always calculated 
by summing up the currents of the various 
devices that the wire feeds, be they lamps, 
motors or heaters. In this connection, the 
following table will be useful: 

55volt systems are almost without excep- 
tion alternate current systems, and to such 
currents a special discussion will be ac- 
corded. 55-volt motors are mostly fan 
motors, and take one to two amperes. The 
220-volt or three-wire system is also a special 
case and requires separate treatment, 
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As far as motors themselves are concerned, 
the potential that they require is not neces- 
sary to their well being, but a variation in 
terminal potential varies the speed of the 
motor in almost exactly the same ratio. 
Constant speed is usually desirable, and, 
therefore, the rule for wiring lamps should 
be followed, particularly if lamps are to be 
fed from the same circuit. 


tro VOLT SYSTEM. 


| 
| 
DEVICE. CURRENT CONSUMED. 


16 C. P. lamp, | .45 to .60 amperes, 

32 at ae i p ar 

50 tt oe | I 36 4 

loo “ t ' 2.73 as 

Motors, l4 t02 H.P. 9.6 3 per H. P. | 
tt 2 to 10 oe 7.6 éi ae ac 


The last two figures are only approximate. 


55 VOLT SYSTEM. 


16 C. P. lamp. 


32 " 1.5 

ti of 
50 ‘i j 2.7 
100 ad 5.45 ee 


| 
| 
| 
.90 to r1 amperes. | 


Incandescent lamp service, on the other 
hand, suffers seriously if the lamps are not 
fed at the pressure for which they are rated. 
If the latter is a few per cent too low, the 
candle power of the lamp is greatly impaired, 
while if the error is on the other side, the 
life of the lamp is greatly shortened. There- 
fore, considerable care should be used in cal- 
culating the wire. 

Arc lamps for incandescent circuits, 
whether they run two in series or singly, 
always have a dead resistance in series with 
them that absorbs a certain percentage of 
the line voltage. If such lamps are used on 
circuits that are exclusively their own, cop- 
per may be saved by feeding them with the 
smallest wire that the insurance companies 
will permit. By cutting out a portion of 
the dead resistance in the interior of the 
lamp, the reduced voltage at the terminals 
may be compensated for. If, however, the 
the saine wire feeds incandescent lamps also, 
this little economy cannot be practiced. 

As has been mentioned before, there are 
two methods of calculating wire in common 
use. The one gives the resistance of the 
wire in ohms, and the other gives its 
area in circular mils. The first is more 
convenient in interior wiring. It involves 
no new principles, is easily understood and 
the calculations involved are very short. It 
can only be conveniently used when a wire 
table giving the resistance of standard wires 
per unit of length is to be had. American 
practice is such that the average contractor 
will find it very inconvenient to use any 
wires other than those of the B. & S. gauge, 
and, in fact, many contractors use only the 
even numbers of this gauge above No. 6, as 
the odd numbers are not largely kept in 
stock. i 

The problem, therefore, is, which of the 
standard wires that the contractor may be 
compelled to use will be the most suitable ? 

The method giving the circular mils is, of 
course, more definite, as it gives the actual 
size of the wire rather than one of its elec- 
trical properties. It is useful in all cases 
where the wire has to be specially made, as 
is often the case with large street feeders. 
It will, therefore, be given a place in this 
discussion, but as the resistance method is 
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to be preferred for interior wiring, more 
stress will be laid upon it. In general, the 
resistance method is as follows: Having 
determined the current flowing and fixed 
upon the line loss that itis desirable to have, 
it is obvious that dividiny the line loss by the 
current gives the resistance of the wire, for 
such is Ohm's law. Dividing this result by 
the length of the proposed wire in feet, the 
resistance in ohms per foot is evidently at- 
tained. As resistance tables usually are for 
lengths of 1000 ft., this latter quantity 
should be multiplied by 1000 in order that 
the proper gauge number may be determined 
by a mere glance at the table. 

Mathematically the result 
pressed as follows : 


may be ex- 


where Æ represents the line loss, C the cur- 
rentand Z the length of the wire in feet; 
Rr, of course, represents the desired resist- 
ance per foot of the wire. This method is 
sufficient to solve any problem in direct cur- 
rent, constant potential, house wiring. 

The above rule is susceptible of a conve- 
nievt modification, as follows: A convenient 
term in house wiring is known as “lamp 
feet,” which quantity is obtained in any 
case of a wire feeding a group of lamps or a 
network of wires, by multiplying the num- 
ber of lamps by the distance in feet that the 
current is to be transmitted along the wire 
in question. Each tamp is supposed to be a 
sixteen candle power lamp. For example, 
if it were required to transmit current to a 
twenty-light chandelier from a pair of mains 
100 ft. away, the circuit would be said to 
involve 100 X 20 or 2000 lamp feet. The dis- 
tance, it will be noted, is the single distance 
and not the distance to the chandelier and 
return. ‘The current consumed by an incan- 
descent lamp varies according to its make, 
its rated efficiency and its period of service. 
As has been noted, this current in a 110-volt 
lamp is from .45 to .60 amperes, and in 55 
volt lamps of the same candle power, from 
.90 to r.r amperes. In any group of lamps 
it is probable that in time all sorts of current 
values will be represented between the limits, 
and therefore an average is the only rational 
figure to take in making the calculation for 
the wires. Fortunately, for purposes of 
calculation this average, in the case of the 
1ro and 55-volt systems, is .5 and I ampere 


respectively This fact makes the calcula- 
tions notably simple, Referring to the form- 
ula, 
R= E, 
CL 


it will be seen that if we multiply the num- 
ber of lamps by the current that one takes, 
we shall have the total current, C. If the 
number of lamps be represented by V, then 
.5 N equals Cin the case of rto-volt lamps, 
and can be substituted therefor in the form- 
ula. Also, Z equals twice the distance from 
the point of supply to the lamps, for it rep- 
resents the length of the wire, and there are 
two wires between these points. If F equals 
the single distance, then Z equals 2 / and 
this can also be substituted in the formula, 
which will then read, 

R=" or & 

.5N2F NE 
Now .VF is equal to the number of lamps 
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multiplied by the distance in feet, or the 
lamp feet. The rule then becomes: Divide 
the line loss by the lamp feet and the result 
will be the resistance in ohms per foot of the 
proper wire. For 55-volt systems, the cur- 
rent is practically double, and twice the 
lamp feet should be used as the dividing 
factor. 

Taking a problem, suppose that ina large 
hall there is a fifty-light chande‘ier which is 
to be fed from aswitch cabinet 150 ft. away, 
the system being 110 volts. The line loss is 
not to exceed one volt. The lamp feet are 
50x 150 = 7500, and the resistance of the 
proper wire is I 

7500 
which, decimally expressed, is .000133 ohim. 
The nearest B & S size, it will be seen by 
consulting a table, is No. 1. This rule is 
readily remembered and simple, and is effec- 
tive except ina few special cases where its 
application isawkward, but of these more 
hereafter. 

The second method, which gives the cir- 
cular mils of the wire, is embodied in the 
following formula: 


of an ohm per foot 


LCR 
“BO 

where -f equals the area in circular mils, 
the length of wire (double distance), /: the 
line loss and Æ the resistance of one mil-foot 
of copper wire—that is, the resistance of a 
copper wire one foot long and one one- 
thousandth of an inch in diameter. For or- 
dinary copper wire this figure is about 10.5, 
a rather inconvenient constant. When us- 
ing this method, unless the wire is to be spec- 
ially drawn, reference must be had to a 
wire table to determine the most suitable 
size to use. Iustrating this method by the 
same problem as before, we have 

ie 300 >< 25X 10.8 

I 

corresponding most nearly to No.1 BAX S 
gauge, as before. 

It will be seen at once that one more factor 
is involved in the calculation, and the formula 
requires to be memorized, Moreover, a wire 
table is just as necessary as with the first 
method, provided standard sizes are to be 
used, as is generally the case. 

The use of the slide rule is much to be re- 
commended in caleulating wire. It saves 
considerable mental exertion, and after a 
little practice in its manipulation no mistakes 
are made. Its accuracy for all small wires is 
amply sufficient. A good operator can al- 
ways obtain three places of figures, and stand- 
ard wires do not come nearer than this. 
Three figures, be they ohms or circular mils, 
will locate the proper wire in its table to the 
exclusion of all others. The application of 
both of these methods to actual problems in 
interior wiring may be a little difficult to the 
novice, but numerous problems will be given 
and worked out, thus rendering their applica- 
tion a simple matter in subsequent work, 
The student can now appreciate one of the 
first principles of circuit design, which will 
be developed in a following issue. 

e 


EFFICIENCY OF THE ELECTRIC LIGHT. 
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According to Palaz, the light-efficiency of 
the incandescent lamp is three to five per 
cent, and of the are light, about fifteen per 
cent. 
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REPAIR OF ELECTRIC RAILWAY APPA- 
RATUS. 


BY W. E. SHEPARD. 


WESTINGHOUSE CONTROLLER. 


While the General Electric Company has 
sent out a considerable number of different 
styles of motors, it has made but few changes 
in the type of controller. The Westing- 
house Company has, on the other hand, 
changed frequently its controller, while ad- 
hering very closely to the original form of 
inotor. 

The earlier forms of Westinghouse con- 
trollers are known by the several alphabeti- 
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FIG. I.—PLAN OF WIRING. 


cal letters down as far as type G. Control- 
lers B, C, D and E are much in use and were 
put out with the earlier motors, which were 
arranged for parallel running with rheostat 
control. Type G was first adopted for 
series-parallel running, but was soon super- 
seded by type 14. This latter was followed 
by 28 A, which is the controller now being 
sent out. 

The most commonly used at the present 
time, with series parallel motors, is the 14. 
This controller is shown closed in Fig. 2. 
In Fig. 3, the cover is removed and the con- 
tact cylinder is thrown back. The eleven 
contact fingers are shown at the left of the 
cut, the twelve main cable terminals near the 
bottom, and the two cut-out plugs near the 
center. The reversing switch is in the forin 
of a flat disk of slate or porcelain, and is lo- 
cated immediately underneath the heavy 
brass top of the controller, which, owing to 
the shadow, is hardły discernable in the cut. 

The controlling cylinder is supported by 
hinged brackets and is so arranged that by 
releasing two heavy thumb-nuts and with- 
drawing the upper portion of the stem of the 
cylinder, it can be swung back, as shown in 
the cut, thus exposing the contact fingers 
and allowing free inspection and repairs of 
the cylinder. 

A plan of the wiring of the controller is 
shown in Fig. 1. 

With this controller there are six speed 
points. The first two have resistance in 
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series with both motors in series. At the third 
point both motors are in series with all re- 
sistance cut out. At the fourth and fifth the 
motors are in parallel, each having resistance 
in their circuit, and at the sixth notch the 
motors in parallel with all resistance cut out. 

We will trace the current through its 
course when running on the first point in 
series, and also for the first point in parallel. 

First, when running on first point—series 
at notch No. 1. The current comes in from 
the trolley and flows to main terminal 7; to 
to contact finger 7; to contact 2: to main 
terminal 2; through first half of rheostat back 
to main terminal 1; to contact 1; to contact 
a; to contact F,—; to “,— on cut-out; to F, 
— on reverse; to main terminal F,—; 
through field No. 1 back to main terminal 
Fi +; to ZF, + 0n reverse; to 4,-+ on re- 
verse; to main terminal 4,-++ through arma- 
ture No. 1 back to main terminal 4— and 3; 
through second half of rheostat back to 4; 
to contact F, —to F, —on cut-out ; to F, — 
on reverse; to main terminal F,—; through 
No. 2 field back to main terminal F, +; to F, 
+ on reverse; to 4,— on reverse; to main ter- 
minal 4,—; through No. 2 armature back 
to main terminal 4, +and to ground. 


FIG. 2.-—WESTINGHOUSE CONTROLLER, 
TYPE I4. 

Second, when running on first point iu 
parallel, notch No. 4. 

Current cominy in from trolley flows to 
main terminal 7; then to contact 7; to con- 
tact 4; to contacts /',— and a; here the cur- 
rent divides, part flowing from contact /,— 
to cut-out /’,—; to F, —on reverse; to main 
terminal /*,—; through field No. 1 back to 
main terminal /, -+ ; to F, + on reverse; to 
<i, 4- on reverse; to main terminal 4, +; 


‘through No. 1 armature back to main ter- 


minal .-4;—and 3; through first half of rheo- 
stat back to main terminal 4; to contact 4; to 
contact <c; to contact 4, + and ground. 
The other part of the current from contact 
4 flows to main terminal 2; through second 
half of rheostat back to main terminal 1; to 
contact 1; to contact a; to contact /,—; to 
F, — on cut-out; to F, — on reverse; to main 
terminal ~, —. through No. 2 field back to 
main terminal F, +; to F, + on reverse; to 
4,—on reverse; to main terminal 4, — 


-_——_— ee - -M ' 


, Armature No. 1. 


[Vo.. VIII. No. 2. 


through No. 2 armature back to main ter- 
minal 4, + and to ground. 

It may be of interest here to compare the 
different relative arrangements of armature, 
field and rheostat as adopted by the several 
companies, and we will tabulate those ar- 
rangeinents for comparison, first when run- 
ning on the first series point, that is notch No. 
2, and second, when running on first notch 
in multiple. The current in each case enters 
from the trolley and flows through the sev- 
eral parts, in the order named, to the 
ground. 


First Notch in | First Notch in 


Series. Parallel. 
"WALKER. 
Trolley. Trolley. 
Armature No. i. Rheostat. 
Field No. 1. a SS, 
Rheostat. Armature No.1. Armature No. 2. 
Armature No. 2. |Field No. 1. Field No. 2. 
Field No. 2. ~ — — n 
Ground. Ground. 
GENERAL ELECTRIC. 

Trolley. Trolley. 
Rheostat. Rheostat. 
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Field No. ı. Armature No. 1. Armature No. 2. 
Armature No. 2. |Field No. 1. Field No. 2. 
Field No. 2. ee ~ — — 
Ground. Ground. 
WESTINGHOUSE. 
Trolley. 
4 Rheostat. Trolley. 
Field No. ı. K r re eRe 
Field No. 3. 14 Rheostat. 
ene 1. (armature No. 1. Field No. 2. 

2 RT 4 Rheostat. Armature No. 2., 
Field No. 2. ar eae ar 
Armature No. 2. DR 
Ground. Ground. + 


From the fact that the potential of the 
current at the trolley is, say, five hundred 
volts, and that it gradually becomes less 
throughout the circuit, until, at the ground, 
it becomes z7/, it is usually customary to 
place those parts of the apparatus which can 


FIG. 3.—WESTINGHOUSE CONTROLLER, 
TYPE 14. 


be most highly insulated and are cheapest 
to repair, in the position of highest pressure, 
that is, nearest the trolley. The rheostat is 
usually selected for this place. At first it 
would appear that this would be a very im- 
portant frequirement, but when we consider 
that on the most important notches, the last 
ones, when the heaviest currents are passing, 
the rheostats are cut out of the circuit and 
only armatures and fields left, the objec- 
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tions to varying the relative position of the 
rheostat do not seem so great. 

However, to consider the remaining parts, 
the fields and armatures. Both the Walker 
and the General Electric Companies place 
the field coils nearest the ground, the arma- 
tures nearest the trolley, while, on the other 
hand, the Westinghouse Company reverses 
this order and puts the armature nearest 
the ground with the field coil nearest the 
trolley. This latter arrangement results in 
less strain being put upon the armatures, 
with a correspondingly less tendency to 
grounding, and, also, when ground does 
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FIG. 4.—W ESTINGHOUSEĘ CONTROLLER, TYPE 28A. 


occur, a somewhat less fierce arcing and 
burning with its consequent changes to the 
armature. On the other hand, the field coil 
is called upon to withstand a greater pressure, 
and, when it breaks down, is subject to 
greater damage. The field coil is, however, 
a comparatively simple coil of wire, easily 
repaired and capable of very thorough in- 
sulation, and it would seem that the arrange- 
ment adopted by the Westinghouse Company, 
per se, would result in the less damage and 
less expense for repairs. 

What has already been said in regard to 
care of the contacts of the type K 2 controller 
of the General Electric Company is true of 
this controller. The copper contact rings 
should be very slightly lubricated with vase- 
line or tallow, and should be dressed up 
from time to time, the worn out fingers 
and tips removed and replaced by new 
ones. 

With the type 14 and some of the pre- 
ceding types, porcelain has been used to 
fill out the segments between the ends of the 
cylinder rings. Constant sparking at the 
tips rapidly cracks and chips this away, as it 
is unable to withstand the intense fire from 
the arc. The writer has found the substitu- 
tion of so called ‘'lava,’’ in place of these 
porcelain pieces very desirable. This matr- 
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rial is manufactured by the M. D. Steward 
Manufacturing Company, of Chattanooga, 
Tenn., and is little, if any more expensive 
than the porcelain. The material is brittle, 
like porcelain, but is very hard, so hard it 
cannot be drilled or tooled at all, but it is 
able to stand the ordinary sparking of a con- 
troller almost indefinitely. 

The controller which at present is being 
sent out by the Westinghouse Company, 
known as the 28A, is quite similar tothe type 
14, differing from it only in detail of 
mechanical construction. This controller, 
with cover thrown back, is shown in Fig. 4. 

As will be noticed, the 
reversing gear is the same, 
except that the handle is ar- 
ranged on the top of con- 
troller instead of at the side, 
as in type 14. The cylinder 
is composed of several iron 
castings, each having lugs 
extending outward, fer the 
purpose of supporting the 
copper segments in their 
several proper positions, thus 
doing away entirely with the 
porcelain segments used in 
type 14. The cylinder is not 
arranged to swing open, but 
may be readily taken out, 
and the main cable termi- 
nals are distributed around at 
the sides and bottom of the 
controller. The cut-outs also 
are slightly different in form. 

With the type 14° con- 
troller, when motor No. 1 is 
cut out, motor No. 2 will 
not start until the controller 
handle is thrown over to the 
fourth point, when, in order 
to operate the car, notches 
Nos. 4, 5 and 6 are used. 
When motor No. 2 is cut 
out the car is operated on 
notches Nos. 1, 2 and 3. 

With type 28A, no matter which motor is 
cut out of circuit, the remaining motor is 
operated on notches Nos. 1, 2 and 3, the 
controller handle being locked from pass- 
ing beyond this point. 
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In a communication to the AMERICAN 
ELECTRICIAN, Hon Henry L. Hart, mayor 
of Louisiana, Mo., states that the present 
contract for lighting the streets of Louisiana, 
Mo. (a city of about 6000 people one hundred 
miles north of St. Louis on the Mississippi 
River) will expire about Oct. 1, at which 
time or before the City Council will prob- 
ably make arrangements for a plant operated 
under city control, make a contract with the 
present company, or accept bid from some 


other party. 
—— e 


AN 80,000-AMPERE METER. 


In the article on the National Electrical 
Exhibition which appeared in our May 
number, the capacity of the Weston ampere 
meter illustrated was erroneously stated to be 
180,000 instead of 80,000 amperes, thia latter 
figure, in fact, being marked upon the gauge 
as illustrated. ` ' eS 


OHM'S LAW AND GENERAL CONSIDERATIONS. 


It isan obvious truth that the greater the 
force applied, whatever that force may he, 
the greater the effect; and, conversely, the 
greater the resistance offered to a force, 
whatever form that resistance may take, the 
less the effect. This general law of nature 
has, most happily, an extremely simple ex- 
pression in electrical science, and full benefit 
of this simplicity has been taken by the 
adoption of a rationally devised system of 
units. The form which the law assumes 
with respect to electricity was first definitely 
established by a German savant, Dr. G. S. 
Ohm, in 1827, and has since borne his name. 

Olim’s law may be expressed in three dif- 
ferent forms, according to whether the quan- 
tity to be defined is current, electromotive 
force or resistance. The most familiar form, 
though perhaps not the most useful practi- 
cally, refers to current, and is as follows, in 
terms of practical electrical units and with 
respect to continuous currents: 

The current, in amperes, flowing in a 
closed electrical circuit, is equal lo the electso- 
motive force of that circuit, in volts, divided 
by the resistance, in ohms. 

This may be simply expressed as follows: 


Electromotive force (in volts) 


Current in amperes =. l : 
Resistance (in ohms). 


In applying the above expression it is, of 
course, unnecessary to write out the names 
in full; using, therefore, merely the initial 
letters we have, finally, 

eee 2; 
C= p . (1) 

The above, it should be added, is merely 
one of the simple forms of Ohm's law, and 
with respect to continuous currents; as will 
be seen later, it takes on a different expres- 
sion with respect to alternating currents, but, 
nevertheless, the general law remains un- 
changed. The electromotive force (abbre- 
viated E. M. F.), or the Æ in the formula, 
refers to the free E. M. F. That is, ifin a 
circuit we had three cells, each of one volt 
E. M. F., and all arranged to act in the 
same direction, Æ would be three volts; if, on 
the other hand, two cells were arranged to 
act in one direction and the third in an op- 
posite direction—the latter backing against 
the other two—£ would be 2 — 1 = I volt. 

The other two forms of Ohm's law are, 

RES a Relay POR oc) 

Why the law should necessarily take three 
forms will be plain to the student of algebra; 
to others, slight thought will show that any 
one of three related quantities can be ex- 
pressed in terms of the other two. To illus- 
trate, suppose in an electrical circuit in which 
five amperes are flowing, there is an E. M. F. 
of ten volts, and that the entire resistance 
of the cirenit is two ohms. Then we have, 


C= FE ce TO 5) is 
— R EN 2 = 55 
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from which it will be seen that the three 
formulas are merely expressions of the same 
law with respect to each of the three differ- 
ent quantities involved. Each of the three 
formulas has its specific use, depending upon 
the conditions. 

As a numerical application, we will suppose 
that it is required to know the resistance 
necessary to put in series with a ten-ampere, 
fifty-volt arc lamp in order to run it on a 110 
volt circuit. 

In order that 10 amperes shall flow through 
a circuit connected to 110 volt mains, there 
must be in that circuit a resistance (or its 
equivalent), of a value obtained by substitut- 
ing the values of Æ and C in the formula 
pe. or R=] =11 ohms. 

C 10 

Since 10 amperes flow through the lamp 
when there are 50 volts between its bind- 
ing posts, the equivalent resistance of the 
lamp, obtained from the same formula, is 


9° — s ohms. Therefore, it will be neces- 
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1000 ft., we find that .22 ohm corresponds 
to 1000 ft. of wire of a size near that of No. 3 
B& S. 

The total voltage existing in a primary or 
secondary cell, or being generated in a dy- 
namo does not show at the binding posts 
when acurrent is flowing, owing to the drop 
due to the resistance of the cell itself. Sup- 
pose we take the case of a dynamo generat- 
ing 120 volts, as an illustration. Though 
120 volts are being generated in the arma- 
ture wires, perhaps only 110 volts at ordi- 
nary load will show at the binding posts, for 
the reason that there isa drop of ten volts in 
the armature and field,due to their resistance 
and the current passing. 

The total E. M. F. being generated can 
not be measured when the dynamo is deliver- 
ing current, but may be calculated by means 
of the drop formula above. Supposing the 
dynamo to be a series machine, by substitut- 
ing in the formula, Æ = C A, the current and 
the sum of the resistance of the field wind- 
ing and the resistance of the armature wind- 


FIG. I. 


sary to put 11 — 5 = 6 ohms in circuit with 
the lamp, in order that but 10 amperes shall 
flow through it. 

Another way of looking at the same prob- 
lem is to consider that the resistance must 
be of sucha value as to produce a drop of 
110— 50= 60 volts in the lamp circuit. 
The formula, Æ = C R, which may be called 
the “drop” formula, can here be used; sub- 
stituting in it, we have 60= 10> #& or r= 
6 ohms. Formula (2) might also be used, 
but (3) was chosen on account of the idea of 
drop associated with it. 

The most important application of formula 
(2) R= Fis for the calculation of wiring. 
Here Æ represents the drop due to the cur- 
rent, C, and the resistance, A, of the wire 
through which the current passes. Drops 
are usually expressed in percentages; in in- 
candescent wiring, for example, they range 
from one to five per cent., or from 1.1 to 5.5 
volts,on a 110 volt circuit. As an example 
of the calculation, suppose a feeder for 100 
110-volt lamps is required to run from a dy- 
namo to, say, a distributing center 100 ft. 
from the generator, the drop to two per 
cent. What size of wire will be required? 
The drop in volts will be 2.2, and if each 
lamp takes one-half ampere, the current will 
be 50 ainperes. From the above forniula, we 
find the resistance to be Rae See & 

50 
.off ohm. As there are two legs, 200 ft. of 
wire will be required, and if the resistance 
of 200 ft. is .o44 ohm, the resistance of 
1o00 ft. will be 5X .0o44 = .22 ohm. Re- 
ferring to a wiring table, in which resist- 
ances are usually given for lengths of 


FIG. 2. 


ing from brush to brush, the drop will be 
obtained; this added to the E. M. F. at the 
binding posts gives the total E. M. F. gener- 
ated. Taking a 5o-light, 2500-volt, 10-am- 
pere arc machine as an example, the resist- 
ance of the field and armature may be 25 
ohms; consequently, since ten amperes are 
flowing, the drop will be 10 X 25 = 250 volts, 
and the machine will actually be generating 
2750 volts, though but 2500 appear at the 
binding posts. 

In order to make the bearing of the sev- 
eral formulas perfectly clear, it will be well 
to consider the relations between the sev- 
eral electrical properties of an electrical cir- 
cuit. We will here only take up the case of 
continuous current circuits containing no 
motors. 

In considering dynamo or battery circuits, 
confusion miay be avoided by thoroughly 
distinguishing between the functions of the 
E. M. F. and current. The force which 
causes the current to flow resides in the 
cell or in the armature, and, therefore, it is 
desirable to think of electromotive force in 
connection with the generator. On the 
other hand, that which produces an effect at 
a receiving apparatus is the current, conse- 
quently it is desirable to associate the 
thought of current with receiving apparatus. 

Fig. 1, represents a centrifugal pump hy- 
draulic circuit, in which the pressure forcing 
the water around the circuit is generated, of 
course, at the blades of the pump. Suppose 
there is a water motor, 4, in circuit and that 
on each side of the motor is a water column, 
a,b. Then the column, a, will register the 
pressure generated in the pump (if there is 
atmospheric pressure at the axis of the 
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pump), less the pressure lost by friction be- 
tween the column and the pump blades, and 
its height may be called the potential at the 
point where it entersthe pipe. The column, 
b, will register the pressure on the other side 
of the pump, and its height may similarly 
be called the potential at the point where it 
enters the pipe. The height of the column, 
b, however, will be less than that of a by an 
amount equal to the pressure to overcome 
the resistance offered by the motor. This 
difference in height (or difference of poten- 
tial) is, therefore, adrop in E. M. F. due to 
the resistance encountered by the flowing 
water. In the same manner, the friction of 
the pipe itself will cause a drop, as shown at 
d and c. 

Referring to Fig. 2, a voltmeter connected 
at a and b will show the drop due, say, to an 
electric heater, Æ, and another voltmeter at 
d and ¢ will show the drop due to the resist- 
ance of the circuit wire itself between these 
two points. The points a and band cand d 
may be considered to be at certain potentials, 
as in the hydraulic analogue, the difference 
between these potentials constituting the 
drop in E. M. F. 

From the foregoing, it will be seen that 
the E. M. F. generated in a cell or machine 
is dissipated in overcoming resistances, and 
that between the extremities of any resist- 
ance, a certain amount of E. M. F. is 
dropped corresponding to the value of the 
resistance and the current flowing, as ex- 
pressed in the formula, E=C R. In most 
cases it will be well to think of this drop 
only in connection with the current produc- 
ing it, instead of referring the E. M. F. at a 
receiver back to its origin at the dynamo. 
The drop results from the flow of the cur- 
rent, and in a given resistance is larger or 
smaller as the current 1s greater or less; as 
current is usually taken from mains proceed- 
ing from machines over whose E. M. F. 
the user has no control, there is an ad- 
ditional reason for considerating current 
primarily. 

To produce any desired result in a receiv- 
ing apparatus, a definite amount of current 
effect is required. In electroplating, for ex- 
ample, a certain amount of current per 
square inch is needed; with incandescent 
lamps, a certain amount of current is re- 
quired for normal incandescence depending 
upon the size and character of the carbon 
filament; in magnetic apparatus, such as 
dynamo fields, a certain amount of current 
flow is needed, which may either be a large 
current flowing through few turns or a small 
current flowing through many turns. 

The amount of current effect is thus fixed 
fora given purpose, while the E. M. F. at 
the receiver terminals may vary widely, be- 
ing dependent upon the practical conditions. 
In electroplating, for example, articles may 
be placed in series, thus requiring a larger 
E. M. F., but the current per square inch of 
material must remain the same; in an in- 
candescent lamp, the amount of current per 
unit of area of filament is practically un- 
changed for normal conditions, but long, 
fine filaments will require more E. M. F. per 
inch of length than short, stout ones; a 
magnet of given strength requires a definite 
current effect, or ampere twins, which may, 
according to the practical conditions, be pro- 
duced by a very large or a very small E. M. F. 
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A BIOGRAPHICAL HISTORY OF 
ELECTRICITY. 


Between Gilbert and Franklin there are 
recorded in electrical history four great 
names—Otto Von Guericke of Germany, 
Francis Hauksbee and Stephen Gray, of 
England, and Charles Francois Dufay, of 
France. With Gilbert, the first of these 
forms a link between the metaphysical, 
and the modern school of physical investi- 
gators as represented in its beginning by 
the latter three. 

Otto Von Guericke was born at Magde- 
burg, Saxony, Nov. 20, 1602. In 1627 he was 
elected alderman of Magdeburg, and in 1646 
mayor and magistrate of Brandenburg. 
While holding these offices he devoted much 
of his time to scientific investigation and 
philosophy, and in 1650 invented the air 
pump, with which his‘name is most closely 
connected. 

Von Guericke made the first electrical ma- 
chine, which is shown in an accompanying 
illustration, consisting of a sulphur ball 
turned by a crank on an axis and excited by 
the friction of the hand. Crude though this 
apparatus niay be, yet it was by its means 
that the electric light, feeble indeed, was 
first produced, or first recognized. The ori- 
ginal object of the globe was to more con- 
veniently excite the sulphur as an electric 
in order to extend the experiments of which 
Von Guericke had read. By its means he 
first definitely established the principle 
of electrical repulsion, and also ob- 
served, but did not establish, the prin- 
ciple of electrification by induction. 

The electrical discovery, however, 
with which his name will be always 
most closely identified, is that of pro- 
ducing light from electricity. He re- 
lates that ‘‘ upon drawing a large piece 
of amber swiftly through a woolen 
cloth and squeezing it pretty hard with 
my hand, a prodigious number of little 
cracklings were heard and every one 
of these produced a little flash of light; — 
but when the amber was drawn gently 
and slightly through the cloth, it pro- 
ducéd only a light, but no crackling; 
but by holding one’s finger at a little 
distance from the amber, a large crack- 
ling is produced with a great flash of 
light succeeding it. And what to me 
is very surprising, upon the eruption 
it strikes the finger very sensibly, 
wheresoever applied with a push or a 
puff like wind. The crackling is full 
as loud as charcoal on fire, and five or 
six cracklings or more, according to 
the quickness of placing the finger, 
have been produced from one single 
friction, ‘light always succeeding each 
of them. This light and crackling seem in 
some degree to represent thunder and light- 
ning.” This appears to have been the first 
time that the identity of electricity and 
lightning was asserted. 

Picard (1675) and Bernouilli (1700) hav- 
ing discovered that the vibration of the mer- 
cury column of a vacuum tube caused a 
light to appear in the vacuum space, Francis 
Hauksbee, about 1705, took up the study 
of this phenomenon, and produced the 
first vacuum light. Sir Isaac Newton had 
previously used glass in place of amber, 
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sulphur, etc., in electrical experiments, 
which material was adopted by Hauksbee in 
his investigations. He constructed an elec- 
trical machine consisting of an exhausted 


THE FIRST ELECTRICAL MACHINE. 


glass globe or cylinder with hemispherical 
ends, whicli were mounted in bearings so as 
to revolve axially. He observed that upon 
applying his hand to the surface of the tube 
when it was turned, a strong light appeared in 
the interior of the tube. He also discovered 
that by approaching an unexcited vacuum 
tube to one in which light was being pro- 
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OTTO VON GUERICKE. 


duced by friction, the first tube would be il- 
luminated similarly to the excitedone. The 
light produced by Hauksbee was, ‘‘so great 
that large print without much difficulty 
could be read by it, and at the same time the 
room, which was large and wide, became 
sensibly enlightened, and the wall was visible 
at the remotest distance, which was at least 
ten feet.” 

During Hauksbee’s experiments he ob- 
served a singular phenomenon which recently 
one of our English contemporaries has ad- 
vanced as an anticipation of Rontgen’s great 
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discovery. One of the cylinders having had 
the cylindrical portion of its interior coated 
with sealing wax to a thickness in places 
of % in., Hauksbee noticed, when look- 
ing through the uncoated ends, that when 
the cylinder was revolved the outline of 
his hand was distinguishable through the 
coating of wax; the same result was ob- 
tained when pitch and sulphur were used as 
the coating material. Hauksbee was much 
mystified at this phenomenon and Priestly, 
writing in 1769, refers to the experiments as 
“really amazing” and as not having ‘‘ been 
yet pursued in the manner they deserved.” 

Dufay, however, ina note to the French 
translation of Hauksbee's book in which 
these experiments are described, points out 
that the hand and fingers were merely out- 
lined by electric sparks from the interior 
surface of the wax, and gives an account of 
experiments whereby he proved this. 

The discoveries of Stephen Gray, a pen- 
sioner of Charter House, may be said to have 
placed electrical science ona real founda- 
tion. In attempting to account for some 
unusual electrical phenomena, he was led 
to experiment upon the effect of an electrified 
body on a neutral body when both were 
connected by string. He began by hanging 
a loop of pack thread from a beam and se- 
scuring an ivory ball on one point of it and 
a glass tube at another, there being thus, in 
effect, a horizontal line suspended by two 
vertical lines of the same material. No re- 
sult was obtained from this arrange- 
ment, but at the suggestion of a fiend, 
Wheeler, he substituted silk suspen- 
sions and found that upon rubbing the 
glass tube the ivory ball became elec- 
trified. Gray interpreted this experi- 
nent as showing that the pack thread 
permitted electricity to pass while the 
silk interrupted its passage, or, in 
other words, he discovered the proper- 
ties of electrical conduction and insu- 
lation. He then proceeded to experi- 
ment with other bodies which he 
classified according to the above 
properties. Gray and his associate, 
Wheeler, were much gratified when 
they finally transmitted the electric 
current through as much as 725 ft. of 
pack thread supported by loops of silk, 
and (in August, 1730) through 866 ft. 
of wire. Gray also noticed the phe- 
nomenon of static induction, but made 
little headway in its investigation. 

Dufay, who took up Gray’s work 
and immensely extended it, had been 
educated as a soldier, but all his tastes 
were inclined toward science, in sev- 
eral branches of which he became the 
most proficient savant of histime. He 
discovered that all bodies, solid and 
liquid, could be electrified, by first placing 
them on glass stands, thus doing away with 
the former classification of electrics and non- 
electrics. Repeating Gray’s experiments, he 
found that moisture assisted the passage of 
current in pack thread, and that substances 
most easily electrified by friction were the 
worst conductors, and vice versa. He also 
first used the terms, ‘‘conductors’’ and 
‘*non-conductors.”’ 

Dufay’s later work, on account of its 
connection with that of Franklin, will be 
considered in an article on the latter. 
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10, How tsa shunt dynamo started? 

If the machine has been running before 
and everything is in good order, simply let 
down the brushes so that they press against 
the commutator, and bring the machine up 
to speed. If everything is all right, the field 
magnetism will “pick up” as the machine 
comes up to speed, and in a short time the 
machine will be generating full voltage. The 
voltage may be adjusted up or down by 
moving the rheostat handle. 

11. How does the shunt of a ficld dynamo 
pick up? 

After a machine is stopped, the tron of the 
field magnet retains more or less magnetism, 
being in fact a semi-permanent magnet. 
This residual magnetism furnishes a weak 
field which causes a small electromotive 
force to be induced in the wires on the arma- 
ture as the machine comes up to speed. If 
the armature and field coils form part of a 
closed circuit, the small E. M. F. induced 
by the residual magnetism sends a small cur- 
rent through the circuit. This current 


strengthens the magnetic field and causes a _ 


still higher E. M. F. to be induced. This 
again sends still more current through the 
field coils, and the machine thus quickly 
builds up its magnetism and voltage to full 
strength. 


12. What prevents the voltage of a shunt 
dynamo from increasing indefinitely? 

The machine is so designed that the iron 
of the field magnet becomes more or less 
saturated by the time the voltage has risen 
to the desired amount. 

13. What is meant by the saturation of iron? 

This may be explained by the accompany- 
ing figure in which the curved line repre- 


MAGNETISM 


MAGNETIZING CURRENT 


sents the relation between the magnetizing 
current and the resulting magnetization. 
After the iron has been magnetized once it 
retains a certain amount, as indicated by the 
curve, beginning at some distance above 
zero. For small magnetizing forces the per- 
meability of the iron is small, and the mag- 
netization increases slowly. The permea- 
bility then increases and the magnetization 
increases rapidly until the iron approaches 
the saturation limit. The upper sharp bend 
in the curve is called the saturation point, 
since after the iron has been magnetized up 
to this point, it is difficult to magnetize it 
much more strongly. 


tf. How can one tell the normal speed of a 
dynamo ? 

Usually the speed is stamped on the name 
plate on the machine or on the end of the 
armature shaft. Belt driven machines usu- 
ally have a velocity of 3000 ft. per minute 
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as measured around the outside of the arma- 
ture, although some machines run at 4000 ft. 
or more. Machines directly coupled to en- 
gines sometimes run as slowly as 1600 ft. per 
minute. 

15. How can one tell the normal voltage of 
a shunt dynamo? 

A shunt dynamo usually has quite a wide 
range of voltages at which it will operate 
successfully. It is common to have a ma- 
chine able to generate about fifty per cent 
above normal voltage when the main switch 
is open so that the machine delivers no cur- 
rent except for its own fields, when the re- 
sistance is all cut out of the shunt field rheo- 
stat and when the machine is running at full 
speed. Itis now customary to make shunt 
dynamos for 125, 250 and 600 volts. 


16, How can one tell the full load current of 
a shunt dynamo ? 

If this is not marked upon the name plate 
or armature shaft, one can tell either by run- 
ning the machine for one or two hours, or by 
finding the size of the wire on the armature, 
Modern dynamos are so designed that the 
temperature of the armature will not rise 
more than 75 degs. F. above the temperature 
of the room when delivering full amount of 
current. Older machines were rated higher 
and would reach a higher temperature. 


17. How can one determine the temperature 
of an armatnre 2 

Have a thermometer that reads as high as 
212 degs. F. or 100 degs. centigrade, prefer- 
ably a straight one without a wooden or tin 
case and with the scale marked on the ylass 
tube. Immediately after the machine has 
stopped running lay the thermometer upon 
the armature in such a position that the bulb 
rests directly upon the armature wires or on 
the iron core. Cover the thermometer care- 
fully with waste or something similar, so as 
to hold the bulb in position and also to pre- 
vent any currents of air from cooling it. In 
a few minutes the thermometer will indicate 
the temperature of the armature. The differ- 
ence between this and the reading of a simi- 
lar thermometer hung in the air a few feet 
from the machine gives the rise of tempera- 
ture of the armature. 


18. Is tt true that an armature ts cooler 
while running than after it stops ? 

It is true with armatures that are not thor- 
oughly ventilated, because while running the 
armature creates a current of air like a fan 
that carries off the heat from the surface, so 
that the surface is cooler than the inside of 
the armature. When the armature stops, 
the current of air also stops, and the whole 
of the armature comes to about the same 
temperature. Therefore the surface becomes 
warmer for some time after the armature 
stops running. 


19. Flow can one tell the allowable current 
Jrom the size of the armature wire ? 

Determininy the size of wire and the total 
number of circuits among which the arma- 
ture current is divided. Determining also 
whether each path consists of a single wire 
or of two or more wound as one. From a 
wire table, find the number of ‘ circular 
mils” in the wire used, multiply by the total 
number of wires in parallel, and divide by 
600. The result is about the number of am- 
peres the armature can probably deliver 
without excessive heating. 
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Is porcelain better than mica for insulation in 
suitable places? I have found that even the best 
mica when subjected to high voltages becomes per- 
forated. F. D. W. 


Porcelain has a specific resistance more 
than fifty times greater than mica, and five 
times greater than ordinary glass, according 
to Mascart. Whether this applies to com- 
mercial porcelain and mica or not, the for- 
mer, where suitable, is preferable for the 
reason that it will naturally be thicker. 

How is the lifting power of alternating current 
magnets calculated, and how many layers deep can 
the coils of such a magnet be wound without intro- 
ducing the choking effect? F. D. W. 

A magnet with a laminated core only mod- 
erately magnetized will have the same pull 
with an alternating as with a continuous 
current of the same strength. The formulas 
for calculating the lifting power of constant 
current magnets can, therefore, be ordinarily 
used for alternating magnets. A peculiarity 
of alternating current magnets is that they 
give a fairly constant pull over a long range 
if supplied from a constant potential circuit. 
A choking effect will always be present, but 
can be decreased without decreasing the 
power of a maguet, by using a less number of 
turns and increasing the current. In the 
present state of the art, it is better to design 
alternating current magnets experimentally 
than to attempt their calculation. 

Why is it essentia] to have a magnet always 
double ? W. 

In order to have as complete a magnetic 
circuit as possible and, therefore, of greatest 
strength, a magnet is so shaped that both its 
poles may be opposite an armature or keeper, 
which latter completes the magnetic circuit 
when it touches the poles. It is to accom- 
modate the magnetizing coil to this essential 
shape that such coil is usually divided into 
two parts. A magnet with two coils is, 
therefore, not a double magnet. 


If in an alternating circuit with transformers, 
there are resistance coils in the primary circuit, 
would there be greater current flow in the primary 
circuit, and would there be higher E. M. F., induced 
in the secondary circuit, if these resistance coils 
were cut out? C. T. 

With a given impressed E. M. F. the sup- 
presion of the resistance must increase the 
current flow. Whether the increase will 
amount to much will depend on the original 
relations between resistance and inductance. 
It does not appear that it makes any differ- 
ence whether the resistance is concentrated or 
distributed over the inductive circuit. In 
either case, when the resistance is suppressed 
more current must flow so as to increase the 
inductive E. M. F. until it alone becomes 
equal to the impressed. Of course, the in- 
creased current of the primary must give 
rise to an increased E. M. F. in the secon- 
dary. 

Why do copper brushes cut more than carbon 
brushes? S. B.F. 

Two reasons may be given: First, if carbon 
brushes spark at all, the spark is much less 
vicious, on account of their higher resistance 
as compared with copper. When a brush 
is in contact with two commutator bars, a 
local circuit is formed, consisting of the armi- 
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ature coil between them and the brush sur- 
face; if this surface is of low resistance, like 
that of copper, a strong current flows through 
the local circuit, which causes a considerable 
spark when it is broken by one of the bars 
passing from under the brush. Second, a 
sparking copper brush cuts the commutator 
and aggravates the sparking with every revo- 
lution, whereas a carbon brush lubricates 
the commutator and tends to minimize the 
cutting effect of the sparks. 

1. Are high speed, closed coil machines more apt 
to spark with change of load than low speed ones? 
2. Does increasing speed of a given machine cause 
sparking? S. F. B. 

1. Much depends upon the design. Ab- 
stractly considered, the speed has no-effect 
upon the sparking, provided the machine 
runs at the rate specified by the designer. 
Given a high speed and low speed machine 
built according to the same design, the 
probability is that the low speed one will 
spark more than the other because of the 
greater armature reaction due to larger num- 
ber of conductors. 2. Yes, if the voltage 
remains fixed, because if the speed is carried 
above the normal point the field must be 
weakened to avoid excessive voltage. Ifthe 
speed is increased in order to obtain higher 
- E. M. F., the tendency to sparking will be 
reduced, because the higher voltage at the 
terminals of the shunt field coils results in 
a stronger magnetic field while the armature 
reaction remains unchanged. 

How can a soo volt armature be changed to one 


of 2s0 volts by merely reconnecting, it being wound 
withtwo No. 7 B. & S. wires in parallel ? F. W. 


Move the top wires in each commutator 
bar one bar further away from the bar con- 
taining the other end of the coil, and bridge 
the bars between the coils. Referring to 
Fig. 1., move the two top ends from A to 
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the preceding bar; those in B go into 4, 
those in C go into B, those in D go into C, and 
so on around, Then bridge across from 4 
to B, from C to D, from Æ to F, and so on. 
The commutator must have an even number 
of segments in order to do this. The field 
coils must be connected in parallel instead 
of series, if there are two; if more than two 
(Fig. 2.), divide into two groups, the coils 
of each group being placed in series and the 
two groups in parallel. 

Does the number of amperes in the primary of an 


induction coil have anything to do with the voltage 
at the secondary ? W.D.S. 


The voltage of the secondary depends upon 
the ampere-turns of the primary—that is, 
the amperes multiplied by the number of turns 
of wire in the primary. In a given coil, there- 
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fore, the voltage of the secondary necessarily 
depends upon the amperes in the primary. 

Which is the more correct term to use, Röntgen 
ray or X ray? A. N. W. 

The former, for several reasons. By scien- 
tific etiquette the name of the discoverer 
should be used to distinguish a new phenom- 
enon in the absence of a direct qualifying 
word. We thus have Peltier effect, Hall 
phenomenon, Hertzian waves, Leonard rays, 
etc. The term “X-ray” was doubtless used by 
Professor Röntgen with the expectation that 
scientific courtesy would replace the symbol 
X with his own name. The term X-ray has 
been discredited by its exclusive use by the 
horde of cranks and notoriety seekers 
brought forward by Rontgen’s discovery, 
many of whom, no doubt, were attracted by 
the very singularity of that term. 

We have asmall Mordey alternator and have been 
trying to rectify part of its current after leaving a 
transformer by means of a sewing machine motor 
with a shuttle armature, but thus far have been un- 


able to get the latter up to speed. Will this arrange- 
ment work? KIMBERLY. 


The speed of the motor would, probably, 
be too great, even if it could be gotten into 
synchronism. Why not put the rectifying 
comniutator on the alternator shaft? 

I1. How many batteries does it take to run a small 
fan motor, and what type of cell should be used? 
2. What is the difference between battery and 
dynamo motors? J. R. 

1. Find the voltage for which the motor 
is wound, and divide by the working voltage 
of the type of cell to be used; this will give 
the number of cells, which should be of the 
constant current type. 2. The difference 
lies in the windings, the former being wound 
for low E. M. F. and the latter usually for 
110 volts. 

What is meant by “Tree ” and ‘ Closet" systems. 
of house wiring? S. B. F. 

In the former system all lights are fed from 
single sub-mains and branches leading from 
this at intervals to groups of lamps. The 
main or feeder may be compared to the trunk 
of a tree and the sub-mains and branches to 
the limbs and branches of a tree. The 
‘* Closet ” system is one in which feeders sup- 
ply two or more distributing centers, from 
which radiate the lines carrying lamps, and is 
much the preferable system. The name of 
the latter system is derived from the location 
of the distribution centers. 

Suppose current sent through an electric motor as 
usual, but the armature does not magnetize, would 
the armature turn? J. O'H. 

An iron core would always magnetize; if it 
did not, it would be the equivalent of, say, a 
wooden core, and the break in the magnetic 
circuit, instead of being the length of the two 
gaps between the core and bore, would thus 
be the entire distance from the surface of the 
bore on one side to the surface on the other, 
and consequently but few lines of force 
would be forced across to act upon the lines 
from the armature wires whereby motion is 
given. The armature core of a dynamo or 
motor may, in one sense, merely be con- 
sidered as part of the magnetic circuit, the 
clearance between the field magnet bore and 
armature core in this case, on account of 
containing the lines of force from which cur- 
rent or motion is obtained, being the only 
“working” portion of the magnetic circuit. 
With a wooden core, enough field lines might 
be forced across to give slow motion at no 
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load, but with an ordinary drum or Gramme 
core, no load could be carried. 

How can the positive pole of a dynamo be dis- 
tinguished? L:T. 

1. About a piece of soft iron take a nuni- 
ber of turns, clockwise, of a lead from one of 
the binding posts of the dynamo. Then, if 
the end of the iron foward the dynamo repels 
the south pole of a magnetic needle, the 
binding post from which the lead proceeds 
is positive (Fig. 1). If an incandescent 
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dynamo, one of the leads of an incandescent 
lamp connected across the poles may be 
used. A magnetic needle may be made by 
placing a piece of darning needle or steel 
wire across the pole gap of the dynamo; the 
length of the piece should be but little 
greater than the width of the gap. 2 By 
means of a thread secured by wax or other- 
wise to the middle ot a magnetic needle, 
such as the above, suspend the needle hori- 
zontally over, and close to, any lead of the 
dynamo carrying considerable current which 
runs approximately north and south. With 
the back toward the part of the lead that is 
connected to the dynamo, the north pole of 
the needle will be seen to be deflected to the 
right (Fig. 2), if the lead connects to the 
positive pole of the dynamo. 3. In a glass 
containing water acidulated with sulphuric 
acid (ten parts water, one part acid), place 
two pieces of clean lead and connect the same 
to the two poles of the dynamo, putting an 
incandescent lamp in series (Fig. 3). The 
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surface of the piece of lead connected to the 
positive pole will become reddish brown after 
taking current for some time, and the sur- 
face of the other piece will assume a grayish 
color. This method may be applied to in- 
candescent and storage battery charging 
dynamos, but not, of course, to arc machines. 

Do the lines of force in a multipolar dynamo go 


from one pole to the pole next to it, or across the 
armature to the opposite pole ? w. D.S. 


The lines of force coming from a pole di- 
vide, half the lines going to the pole next to 
it on one side and the other half to the pole 
an the other side. 
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THE VINDEX TRANSFORMER. 


In the article in the May issue of the 
AMERICAN ELECTRICIAN, describing the 
Vindex transformer, it was erroneously stated 
that the transformer was made by R. Ralph 
Lane & Company, Monadnock Block, Chi- 
cago, Ill. The makers of the transformer 
are the Vindex Electric Company, Chicago, 
Ill., Mr. Lane being the selling agent. 


THE NEW WALKER MULTIPLE-SERIES CON- 
TROLLER. 


The Walker Company, of Cleveland, O., 
has recently brought out a new series-multi- 
ple street car controller, which is shown in 
the accompanying Figs. 1 and 2. Fig. 3 isa 
wiring diagram of the connections between 
the car motors and the controller. 

In this controller the circuit is broken by 
a special switch placed in the controller for 
the purpose, in which the action is relatively 
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contacts and as to its effect on burning the 
breaking contacts themselves. 

Another feature consists in entirely separ- 
ating the operation of breaking the circuit 
from the controlling cylinder itself. The 
controller consists of two switches, each hav- 
ing its own separate function to perform. 
The controlling cylinder proper is used sim- 
ply to make the different combinations re- 
quired to obtain the proper regulation of the 
speed of the car. The second switch is also 
of a cylindrical form, but is used for no other 
purpose than the complete breaking of the 
circuit whenéver such is required. By refer- 
ence to the cut it will be seen that the break- 
ing switch, which is shown at the left, has 
its circuit so arranged that the main current 
passes first through this switch, before going 
to the controlling cylinder. In the four lines 
of contacts shown, the first and third con- 
stitute the cylindrical portion of the switch, 
and are in metallic connection each with the 
one horizontally opposite to it. The second 
and fourth rows represent the fingers bearing 
upon the cylinder contacts. It will be seen 
by tracing out these connections, that when 
the switch is closed the upper contacts, shown 
in outline, are short circuited, the current 
sinply passing from top to bottom and then 


[VoL. VIII. No. 2. 
in the series, so that when the fingers leave the 
cylinder contacts the arc is broken up into as 
many parts as there are breaking fingers. 
The mechanism of the breaking switch is 
so arranged that with a movement of the 
controlling handle one quarter of an inch 
backward, the circuit is completely opened 
by means of this switch, leaving the con- 
trolling cylinder itself entirely dead. The 
circuit cannot be again closed until the con- 
trolling handle has been brought back to the 
off position. After the circuit has been once 
opened by this slight backward movement of 
the handle, the controlling cylinder can be 
moved backward and forward into any posi- 
tion without producing any effect, and it is 
absolutely necessary to go back to the off 
position before the switch can again be closed. 
This feature of the controller makes it im- 
possible to drop back from one notch to an- 
other in such a way as to put in or take out 
resistances in the circuit. This is a point 
that has always heretofore been carefully 
covered in the instructions to motormen, but 
at the same time it has been found that such 
instructions are often disregarded, it being 
much easier in many cases, if a decreased 
speed is wanted, to drop back one or two 
notches, as the case may be, instead of first 


slow, and the circuit is broken at twenty-eight direct to the controlling cylinder. As this  cntting off the current completely. 
tr \\ey p.-i zi 
= 
A vee 
Canopy Switch Canopy Switch 
Lamps Lamp t 
o oc aoo o o 
od Fuse 
n T D EE T i O A ERES I ETA A EA, f 
= maer ro n ~N 
J i - | iaa A 
‘ čo | y |] 
i | Er, EN 
jil i p Rheonat CULLSANTT G Grounded to - lO \| CONTROLLER NO.2 
j | ; = m] eae A Frome fr Ge \ 
(— -am f | Fiera FE í 4 > | 
| = | ee oe r 
{ | ' Ry Ee MOTORAR | ' E i ' 
ge loghtning t =) NO.2 n } | ; 
Ör jAtzester ] i - ed | 
CONTROLLER zal = Se A, AAA i g i 
1 d SEa Ry AC 4 rmature } + r ; s 
ui i 5 PRD Eee! find 
\ Lon — — <> ~- = y= DIP -r= -- th "ad i ' 
\ wa Í OET ne ‘ 1 Wir DEO EEEN A 
U Nea ee a E EN LE IDS BY NERA EET CO TEOS AS i 
CONTROLLER NO.1 
Note CONTROLLER NO.2 
For car equipment with 35 H.P. Motore— 
use No.6 wire for trolley and ground wires 


All other wires are No.7 


MOTOR NO.1 


MOTOR NO.9 


Rho ostat 
R 


No.4 Ground Wire 


_-—— To cut out No.1 Motor— open No, } Switch 
t No.2? Motor—open No, 9 Switch 
i 
+ 
a NOTE 
= Revere: F, and FF, also F; and F F, 


on No.2 Controller. 


6c 
$5 


[ 7” Vo cut ou 
m 
n 
a 
r 
, 
W 


E+ No. 


Ftreet Railway Journal 


FIG. I.—WIRING DIAGRAM OF NEW WALKER CONTROLLER. 


points, thus very easily rendering the most 
severe are that can be formed in practice en- 
tirely harmless, both as to spreading to other 


switch is opened the fingers leave the lower 
contacts, shown solid, first throwing the main 
current through the upper breaking contacts 


Another point of considerable advantage is 
the quickness with which the circuit can be 
opened in case of an emergency. A very 
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silght movement of the handle entirely cuts 
off the current from the car, thus leaving the 
motorman free to attend to his brake 
promptly, with both hands if necessary. 
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FIG. 3.—NEW WALKER CONTROLLER. 


A simple and effective interlocking device 
has heen adopted in this controller, whereby 
the pawl that indicates the various running 
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FIG. 2.—DETAILS OF NEW WALKER CONTROLLER. 


positions of the controlling cylinder acts at 
the same time as a lock between the con- 
trolling cylinder and the reversing switch. 
The controlling cylinder is locked when the 
reversing switch is in any other position than 
either forward or back, and the reversing 
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switch is locked except when the controlling 
cylinder is at ‘‘ off ” position. 

The internal wiring of the controller has 
also been much simplified and, as will be 
seen from the cut, the wiring is entirely open 
so that it can be easily seen and gotten at. 
With this method of breaking the circuit, 
it has heen found that separators between 
the various contacts are entirely unneces- 
sary and consequently have been done away 
with. The arcing in this controller under 
the severest conditions of practice is stated 
to be so slight that it is scarcely noticeable. 

The controller casing is sufficiently pro- 
tected from the entrance of moisture, and the 
cover instead of being hinged is arranged so 
that it is entirely removable, and can be set 
one side out of the way when it is desired to 
get at the internal portion of the controller. 

One of the important features of the con- 
troller is the ease with which all the parts 
can be reached when necessary. The break- 
ing cylinder is so designed that when from 
continued use the contacts have become 
worn, the cylindercan be turned end for end 
and the opposite edges of contact brought 
into service, thus practically completely re- 
newing the cylinder itself. 


THE WHITTINGHAM AUTOMATIC MOTOR 
STARTER. 


The motor starter shown in the accom- 
panying cutis designed to obviate the run- 
ning of electric elevator motors, when the 
elevator is not in use, and is particularly 
adapted for freight elevators. 

A rope, attaclied to one ring of a knife 
switch, is run the full length of the elevator 


Street Ry. Journal 


shaft, passing over a pulley at the top and 
bottom of the shaft, and is connected to the 
other ring of the knife switch, thus making 
it possible to start and stop the motor safely 
from any floor, by simply pulling the rope. 
The entire installation thus can beat rest 
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when the elevator is not actnally in use, re- 
sulting in much saving of current and wear 
and tear on the entire outfit. 

The solenoid starter gradually cuts out the 
starting resistance when the current is 
turned on the motor by the closing of the 
switch, and cuts in the resistance again when 
the switch is opened. 

The use of copper contacts, combined 
with graphite brushes, makes it impossible 
for the circuit closer to stick, or fuse on any 
of the resistance segments, even if heavily 
overloaded. A compression dashpot is used, 
and is placed directly inside of the magnet, 
thus reducing the length of the apparatus 
materially. The valve is of the ‘‘ by-pass” 
type, and avoids the necessity of a close me- 
chanical fit, and is not affected by grit or 
dirt in the oil. . 

The Whittingham motor starter is made 


_by the Automatic Switch Company, Balti- 


inore, Md. 


LOUNSBURY SLOW SPEED DYNAMQS AND 
MOTORS. 

The chief distinguishing characteristic of 
the type of dynamos and motors illustrated 
herewith is their very slow speed of op- 
eration. The 1o HP machine is run at a 
speed of 500 r. p. m., and the 50 HP ma- 
chine at 250 revs., the speed of the inter- 
mediate and larger sizes being in the same 
proportion. The manufacturers state that 
the secret of the large output at this unusual- 
ly slow speed liesin the correctness of design 


_and proper proportioning of parts, as well as 


in the painstaking manner in which all details 
are worked out, and in the use of the best 
of material and skilled labor in construction. 


AUTOMATIC MOTOR STARTER, 


Fig. 1. shows a 7'3-HP machine that runs 
at 550 revs., and which ts of the same design 
as all the other sizes, except that while this 
size and those smaller are four-pole, the 10- 
HP and larger sizes are six-pole machines. 

The field rings and pole pieces are castings 
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of a special steel, very soft, and made by a 
special formula forthis work. The magnetic 
qualities are exceptionally high. There is 
no break in the magnetic circuit, except 
where the ring parts, the top half lifting off. 
The pole pieces are cast solid with the ring. 

The armature is of the toothed Siemens 
type and large in diameter. The coils are 


FIG. 1.—7% HP. LOUNSBURY MOTOR. 


wound separate from the core by special 
machinery, and thoroughly insulated before 
being put in place. They can be readily re- 
moved in case of necessity. The cores are 
built up of disks of No. 27 iron, carefully 
insulated from each other. The slots for the 
coils are cut in a milling machine, and the 
burrs carefully dressed off. 

The commutators are unusually large, 
with long brush surfaces and a great depth 
of copper. This, with the slow speed, gives 
a very long life and, as nearly as possible, 


FIG 2.—1 1⁄4 HP. LOUNSBURY MOTOR. 


eliminates the need of attention to commu- 
tators and brushes. . 

The bed is of cast iron and, with the ex- 
ception of the bearing caps, is in one piece, 
the bearing pedestals being cast solid with 
the bed. Each pedestal contains a large oil 
reservoir, and each machine is fitted with 
eight oil gauges and brass oil cocks. The 
bearings are self aligning and self oiling, 
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and do not require attention more often than 
once a month. The usual belt tightening 
slides with ratchets and screws are provided 
with each machine. 

Fig. 2 shows a 1% HP motor of the en- 
closed type with ornamental shields. They 


are also made with solid shields enclosing 
armature, commutator and brushes. These 
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WILLARD STORAGE BATTERY. 


machines, the manufacturers state, will run 
successfully if entirely immersed in water. 

The above machines are made by Louns- 
bury & Company, 225 West Twelfth Street, 
Chicago, who are putting on the market a 
complete line of multipolar generators and 
motors from 1% HP to 100 HP. 


THE WILLARD STORAGE BATTERY. 


The plate of the storage battery illustrated 
herewith consists of a piece of pure, rolled 
sheet lead of the thickness of the lug shown 
in the cut. Both sides of the lead 
plate, except a portion of the surface 
forming arim, have cutin them deep 
grooves, leaving projecting shelves, at 
an angle to the surface of the plate, 
The thickness and separation of the 
shelves is greater or less, according to 
the use to which the battery is put. 
For permanent installations where 
durability is the first consideration, 
they are made heavy. For portable 
batteries where weight must be re- 
duced to a minimum, they are made 
light. 

A plate, 7 ins. X 8 ins., exposes a 
total surface of 14 sq. ft. The active 
material is formed directly from the 
lead itself, by electro-chemical means, 
no paint, paste, cement or pellets of 
any kind being used. 

After being formed, the plates are 
encased in a hard rubber cell, or 
sheath, as shown in in the cut, which 
is thickly perforated with holes, thus offering 
no resistance to the passage of the electrolyte; 
the separatoris substantial, making a thick, 
hard rubber cell, all in one piece. 

The advantages claimed for the Willard 
battery are that plates are extremely flexible; 
they can be bent into the shape of a letter S 
without damaging them in the least, and 
after being straightened, they are as good as 
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ever. That the active material is nowhere 
more than a 2, in. thick, and, conse- 
quently, isin intimate contact with the leaves 
and core forming the body of the plate, which 
insures low internal resistance throughout the 
complete discharge. That the leaves or 
grooves, being corrugated from edge to base 
and set at anangle, prevent the loosening of 
active material. That the plate is made in 
such a way as to provide a space for expansion; 
every five leaves, or grooves, there is left a 
wider groove, and in forming, this groove is 
not filled entirely full of active material lke 
the others, thus leaving a space to allow for 
expansion. The Willard plates are made 
entirely by machinery, no hand work 
being required. The battery is made by The 
Electric & Battery Company, Cleveland, O. 


THE ROYAL ELECTRIC ALTERNATOR. 


The type of alternator illustrated in Figs. 1, 
2 and 3 is the earliest type of inductor ma- 
chine made in this country, having origi- 
nally been placed on the market as early as 
1890. Fig. 2 shows the machine complete. 
On a solid frame are mounted the bearings, 
and (as seen in Fig. 1) also the skeleton 
spider for receiving the laminated blocks of 
the armature. The latter are bolted to the 
spider and surround the shaft concentrically. 
At the extreme ends of the laminated blocks 
are mounted the lathe wound armature coils, 
which, owing to their favorable position, can 
be heavily insulated. 

It will be observed that neither the thick- 
ness nor the length of the armature coils in- 
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FIG. I—ROYAIT, ARMATURE. 


terferes with the length of the air-gap or the 
magnetic circuit. They may, therefore, be 
made of the shortest linear dimensions, and 
their resistance can be made very low. They 
are very accessible, but this feature, however 
agreeable from a point of construction, is of 
no great weight, as the burning out of a coil 
is a rare occurrence. It seems that light- 
ning has been the only cause of damage to 
a few coils out of a great number of machines 
in operation. 

Centrally between the armature coils is 
mounted a single field magnet spool, which 
is firmly secured to the armature spider. The 
terminals of this field winding are carried 
to the small binding posts, shown on 
the terminal board situated on small iron 
columns on top of the machine. The larger 
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terminals are those into which the circuit 
wires are to be connected, and to which the 
ends of the two sets of armature coils are 
secured. Each side of the armature shows 
eighteen coils, neighboring coils of which 
are connected in opposite direction. In 
front of these coils rotate the pole exten- 


FIG. 2.--ROYAI, ALTERNATOR. 


sions of the core, which are shown in Fig. 
3. The core, which occupies the central 
opening visible in Fig. 2, has butting on to 
its ends the two star-shaped core parts 
mounted on the shaft. The opening be- 
tween the pole extensions is closed by wood- 
en blocks, firmly secured to the plates to 
prevent air currents. It will be noticed that 
the poles are but nine on each side, so that 
half the number of coils are covered by 
them. The central wrought iron magnet is 
energized by an exciter of horse shoe type, 
and the flux produced passes from the pole 
extensions alternately into successive groups 
of laminated blocks, and induces the alterna- 


FIG. 3.—INDUCTOR. 


ting current, according to well known laws. 
The armature coils are wound so that each 
side gives a pressure of 1000 to 1100 volts. 
Therefore, if connected in parallel, each 
side has to carry but one-half the current 
capacity of the machine. Again, if it is de- 
sired to have 2000 volts at the terminals, the 
two windings are connected in series. The 
smaller machines of 500, 650 and 750-light 
Capacity have sixteen coils instead of eight- 
een, as shown on the 1000-lighter, and these 
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can be so connected as to be used without 
transformers at 110 to 120 volts or 220 to 250 
volts. 

Another advantage offered by this alter- 
nator is that, without changes of a mechan- 
ical nature, such as securing of two alter- 
nators on to the same shaft, as has been 
frequently suggested 
in technical journals, 
this same machine 
may be changed into 
a two-phased alterna- 
tor by connecting al- 
ternate coils into two 
separate circuits. 

Last, but not least, 
owing to the stationary 
high-tension terminals 
and no moving wires, 
this machine can be 
and has been intrusted 
to unskilled hands, 
and gives excellent 
performauce. The men 
experience no trouble 
at all in running the 
machine and handling 
the currents. 

A few data, taken at 
random from the test book of a 1ooo-light 
dynamo, gives the following extremely 
favorable figures : 


| Per- 
centage 
PRIMARY. EXCITER. | of 
| | Exci- 
|| tation | 
Amp. |Volts Watts | Amp./| Volts |Watts | 
——— ail f 5 
46 | 1,000 | 46,000 | 4.62 40 184.8 ` 0.4 
3.852 | 1,050 | 40,446 | 3.8 33 | 125.4 0.3 
| 2575 1,050 | 27.037 3 | 28 84. 0.3 | 
| | 


Fig. 4 gives the small switchboard for a 
single unit. The right hand side shows the 


FIG. 4.—SWITCHBQARD, 


voltmeter, which is connected to the switch- 
board transformer, shown to the left on the 
center panel. Below this instrument is 
located the exciter rheostat, of which only 
the contact points are placed on the front of 
the slate. In the center slab, below the 
transformer, are the main line fuses; below 
these the ground detector. On the left hand 
panel are situated the ammeter and the main 
circuit switch. For the latter, of course, 
depending on the number of circuits, would 
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have to be substituted a double-pole, double- 
throw switch, if the circuits are more than 
one, or if two or more dynamios are feeding 
into the circuits. Every additional unit may 
be added without interfering with the look 
of the switchboard, by adding panels side- 
ways. For larger stationsin which a greater 
number of circuits and units are to be in- 
stalled, the circuit arrangements are reduced 
to the simplest form. 

The above machine is made by the Royal 
Electric Company, of Peoria, Ill., which 
company also manufactures transformers and 
a complete line of direct-current apparatus. 


NEW BOOKS. 


How TO MAKE AND USE THE STORAGE BATTERY. By 
P. B. Warwick. Lynn. Bubier Publishing Com- 
pany. 140 pages, 22 illustrations. Price, $1.50. 

The contents of this book vary widely in charac- 


- ter, most of them having little reference to the title; 


the chapter on ‘‘How to Make a Practical Storage 
Battery,” in fact, comprising less than seven pages. 
The chapter on “How to Install, Work and Maintain 
a Storage Battery ” contains considerable useful in- 
formation though mixed up witha table of metric 
measures, an explanation of thermometric scales, 
chemical data, etc. The other contents consist of 
a list of storage battery patents and descriptions of 
some forms of cells. 


ELECTRICITY IN ELECTRO-THERAPEUTICS. (Ele- 
mentary Electro-Technical Series), By Edwin 
J. Houston and A. E. Kennelly, New York. The 
W. J. Johnston Company. 462 pages, 128 illus- 
trations. Price, $1.00. 

Tothe physician who desires to obtain a correct. 
knowledge of the electrical principles concerned 
in electro-therapeutic apparatus, this book will be 
of the greatest value, while it will be of much inter- 
est to the electrical reader, and not beyond the 
reach, owing to the non-technical method of treat- 
ment, of the general public. Allof the various kinds 
of electrical medical apparatus are described, and the 
several forms of electrical currents, such as direct, 
symmetrical and unsymmetrical, alternating, high 
frequency, etc., are clearly explained, as well as 
static discharges, electrolysis, cataphoresis, etc. 


TRADE PUBLICATIONS. 


Multipolar Motors and Generators. The E. & C. 
Electric Company, Cleveland, O., has issued a 
pamphlet describing its Type ‘‘D” multipolar gen- 
erators and motors. By means of a patented ad- 
justable base, these machines may be bolted to the 
wall or the ceiling, and will operate as successfully 
in these positions as whem placed in the normal po- 
sition on the floor. 


The Fashioning of a Lamp. Under this title the 
Bryau-Marsh Company, 136 Liberty Street, New 
York, has issued a beautifully bound pamphlet in 
which Mr. Maurice Hyde Cleveland describes the 
various processes employed in the manufacture of 
incandescent lamps. Inan appendix no less than 
fifty-four different forms of commercial incandes- 
cent lamps are illustrated, all of which are regularly 
made by the Bryan-Marsh Company. 


Air Brakes. Ina handsomely printed and cloth- 
bound volume, the Standard Air Brake Company, 
of 100 Broadway, New York, describes in full detail 
its well known air brake system for electric cars, 
freight cars and locomotives, cable cars, lift bridges, 
etc. All of the various details of the brake are illus- 
trated and clearly described, as well as some speci- 
men installations. A large folder shows the ar- 
rangement of the several parts of the system as 
used on a motor car with a trailer. 


I-T-E Circuit Breakers. The Cutter Electrical & 
Manufacturing Company, 1112 Sansom Street, Phila- 
delphia, has issned a luxurious catalogue describ- 
ing the I-T-F (inverse-time-element) automatic mag- 
netic circuit breakers which it manufactures under 
the Harrington fundamental patents. Circuit 
breakers for switchboards, railways, light and 
power, motors, motor cars, house service and stor- 
age batteries are illustrated and described. ‘The 
portions of the pamphlet dealing with the princi- 
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ples of magnetic circuit breakers will be found in- 
structive. 


Lead Pipe Fittings. The Van Auken Steam 
Specialty Company, 201 Canal Street, Chicago, has 
issued a twenty-four page catalogue describing the 
various details of its modern mechanical system of 
connecting lead pipe to lead pipe, or lead pipe to 
iron or appurtenances, which system obviates the 
use of soldering and wiped joint. The same firm 
illustrates some of its steam specialties, such as 
steam traps and valves, on a handsome celluloid 
45 deg. triangle, each of the three edges of which 
contains a scale. This useful draughting tool or 
desk convenience will be sent by the Van Auken 
Company to any of our readers who mentions the 
AMERICAN ELECTRICIAN. 
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BUSINESS NEWS. 


H. B. Coho &Company, 203 Broadway, New York, 
have been awarded the contract for the St. Paul 
Building electric plant, two 100 KW and one 50 KW 
Eddy machines will be installed. 


The Van Auken Steam Specialty Company, 203 
S. Canal Street, Chicago, IN., made a large shipment 
of Monash regulators to Berlin and to Copenhagen, 
Deymark, last month. Large shipments of Fidelity 
steam traps and Star pipe wrenches are also re- 
ported, 


The Penberthy Injector Company, Detroit, Mich.. 
has increased its line of goods, and is sending inject- 
ors of all kinds to every part of the world, the com- 
pany recently having entered the foreign market. 
The company publishes a neat little publication 
called the ‘“Penberthy Bulletin,’ which is well 
worth asking for. 


Gates of Chicago has opened commodious sales- 
rooms at 311 Dearborn Street, Chicago, with a com- 
plete stock of C. & C. Electric Company’s dynamos, 
motors aud appliances. Mr. Gates is meeting with 
success in the sale of these well known dynamo 
electric machines. Special applications of motors to 
tools, cranes, elevators, pumps, hoists, etc., are the 
great forte of the C, & C. Company. 


The Triumph Electric Company, Cincinnati, O., 
has been in its new quartersonly about four months, 
and though some four times the size of the old fac- 
tory, it already begins to find them none too large. 
Trade has recently been very heavy, and orders con- 
tinue coming in rapidly. The company is now in- 
stalling four direct connected outfits, the largest 
being 150 KW and the smallest 15 KW. 


A Healthy Sign. The Washington Carbon Com- 
pany, Pittsburgh, Pa., is making important addi- 
tions and improvements in its two factories, includ- 
ing the addition of a number of grinding, crushing 
and milling machines. We understand that large 
contracts recently taken, in addition to the com- 
pany’s motor brush and cored carbon business, have 
made this.expenditure an imperative necessity. 


How to do Away With Wiping or Soldering Lead 
Joints. The Van Auken Steam Specialty Company, 
203 South Canal Street Chicago, NI., will be pleased 
to senda pamphlet to any reader of the AMERICAN 
ELECTRICIAN, from which a thorough understand- 
ing may be obtained of the new and simple method 
by which couplings are used instead of solder in 
making lead to lead, and lead to iron, pipe connec- 
tions. 

The Cummings Conduit Company, Detroit, Mich., 
has just completed the underground work it has been 
doing for the Englewood Electric Light Company 
and the People’s Electric Light & Motor Power Com- 
pany, Chicago. The current has been turned on, and 
everything is working very smoothly. 6000 volts is 
being carried for the People’s Company on bare cop- 
per wire, and 2000 volts alternating for the Kugle- 
wood Company, 

The Ohio Electric Works, 13 South Water Street, 
Cleveland, ©., have begun the manufacture of an 
electric bicycle lamp that is warranted to remain 
lighted and to last. The general appearance of the 
new lamp does not differ much from that oil lamps 
except that it is narrower, and the reflector, which 
holds the small incandescent lamp, projects further 
tothe front. Thecharge for the cell is bought in 
packages, each of which is sufficient for a renewal. 


The Chas. E. Gregory Company, Chicago, reports 
brisk business for May, Among the sales for that 
month were seven Edison dynamos, of 45 and6 KW, 
and 25v, 210, 15 and 25 lights—two of the latter; four 
Mather motors of 50,Jio, 6 and 5-HP; five U. O. dyna- 
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mos, one of so and two cach of 15o and 250 lights; one 
75 light Eddy machine; two 50-light T-H. are ma- 
chines and one 35-K W T-H. alternator. In addition, 
a large number of smaller machines and large quan- 
titics of are lamps, transformers etc., were sold. 


Graphite in Electrical Work. The Joseph Dixon 
Crucible Company, Jersey City, N. J., in a recent 
circular describes the various uses of graphite in 
electrical work. Among uses to which it has thus 
been put are in the manufacture of graphite rods of 
1% to 3 ohms resistance for use as motor brushes: 
resistance rods varying from 145 to soo ohms; 
graphite rods and plates for batteries; graphite 
boxes for burning carbon filaments, etc., electro- 
typing graphite. For the operation of electrical 
machinery there are graphite lubricants, and graph- 
ite paint for electric light poles and iron work. ° 


The Sunbeam Incandescent Lamp Company, Chi- 
cago, has recently purchased a new factory located 
at Desplaines, HI, a few miles west of Chicago. The 
factory isa substantially built brick structure, and 
will give the Sunbeam Company about double the 
floor space of its present factory. It will be fitted up 
with all of the very latest devices used in the manu- 
facture of lamps, which will give the Sunbeam Com- 
pany facilities that are second to none, and a largely 
increased capacity. A special department will be 
fitted up for the manufacture of Sunbeam X-ray 
tubes, for which there is now a steady demand, 


The Metropolitan Electric Company, Chicago, 
IIL, is highly elated over the success of its volumi- 
nous catalogue. It has had orders forthe book trom 
Her Majesty's Government, Turkey in Asia, the 
gold fields of Johannesburg, Australia, Central and 
South America, and pretty much around the entire 
globe, and wherever it goes it brings the highest 
encomiums for its comprehensive character and at- 
tention to details. ‘Those that are interested in elec- 
tricity in any way should get a copy, as this cata- 
logue isa great help as a "ready reference book ” 
and an “encyclopedia of everything electrical.” 


The Hercules Boiler Oil Injector, manufactured 
by F. H. Cornell & Co., 449 West Fourteenth Street, 
New York City, for feeding kerosene oil to boilers 
to prevent scale, seems to have struck the foreign 
markets like a whirlwind. They are being shipped 
in large quantities to nearly all the countries of 
Europe, as well as to Asiatic Russia and Turkey. 
Japan and Australia; not in single ones but in lots 
of tento fifty ata shipment. England, France, Ger- 
many, Belgium, Austria and Japan are the largest 
consumers. Mexico and South American countries 
are using them quite largely. The manufacturers 
have their catalogues printed in English, French, 
German and Spanish. 


The Standard Underground Cable Company, of 
Pittsburgh, Pa., announces, that it has completed ar- 
rangements whereby it is enabled to undertake the 
installation of underground systems complete in 
every detail. A conduit department has been es- 
tablished of which the manager is Mr. F. S. Viele, an 
unusually well experienced practical engineer in 
conduit and cable construction. The company is 
prepared to furnish quotations for the equipment of 
underground systems with cement lined pipe, vitri- 
fied clay, or wooden log conduit, and for systems 
complete in every detail, including conduits, man- 
holes, hand holes, cables, junction boxes, ete. 


The Chicago Rawhide Manufacturing Com- 
pany. Chicago, Ill., is justin receipt of its World's 
Fair medal and diploma, given it upon the merit of 
its excellent exhibit. The medal is bronze and of a 
haudsome design. The award reads as follows: 
“Exhibits of rawhide belting, of rawhide rope belt- 
ing and of rawhide lacing are highly meritorious. 
The belts are from well selected stock of even thick- 
ness, soft and phable when new, of good adhesion, 
and in every respect well made. The twist belting 
is made from three-eighths of an inch in diameter, 
down to one-thirty-second of an inch in diameter, 
and is of excellent uniformity and thickness. The 
leather is prepared without the use of lime or acids, 
the hair being removed by sweating.” 


The Michigan Electric Company, of Detroit, 
Mich., has just moved into new quarters at jol 
Woodward Avenue, The new location is on the 
main thoroughfare in the heart of the city, and has 
many advantages not found at the old quarters. 
This move gives the company an entire building, 
which it occupies throughout with its offices, store- 
rooms, salesroom, ete. The arrangement of the 
different departments is complete in every way, 
everything having been designed with special refer- 


Vou. VIII. No. 2. 


ence to facilitating business. A novel feature, which 
will, no doubt, prove very popular with the com- 
pany's customers, is a reading room, in which will 
be found all of the periodicals of interest to men in 
the electrical business. The company had a formal 
opening of its new building on the evenings of 
May 30 and June r. ; 


The M. C. Bullock Manufacturing Company, of 
Chicago, has recently installed in the power plant of 
the Pabst, Heat, Light & Power Company, of Milwau- 
kee, two engines for direct coupled, alternating cur- 
rent two-phased work. The engines are of the 
Willans central valve type, compound, automatic, 
non-condensing, 150 lbs. pressure, and are guaran- 
teed to give an economy of less than 21 Ibs. per 
I. HP. The two units are of 200 I. HP and goo I. HP 
capacity, and form, with the Westinghouse alterna- 
tors, a most compact and efficient plant. The plant 
was installed by the Pabst Company on the basis of 
economy of operation viewed from all the stand- 
points of central station work, including economy 
of space, attendance and continuous running for 
long periods of time with a minimum amount of 
attention. The results fully justify the time and 
labor devoted to this problem by the general man- 
ager, Mr. Parker, and his consulting engincers. 


The Keystone Electric Company, Erie, Pa., has 
found it necessary, in order to accommodate its 
rapidly increasing business, to build a two story, 
£42 ft.) 56 ft. addition to its factory. In addition to 
this the company is also putting up a testing room. 
46 ft. ~ 66 ft., together with a blacksmith shop and 
pattern storehouse. This move has been made neces- 
sary on account of the expanding business of the 
company, and when the buildings are all completed 
it will make an equipment complete in every detail, 
and will give facilities for testing not had hereto- 
fore. The ground floor of the new building will be 
used as an extension of the machine shop. The 
second floor will be utilized for armature winding, 
etc. The equipment of the shop will be with indi- 
vidual motors, doing away with all line shafting. | 
For testing purposes, a 200 HP engine and boiler 
will be installed. The main machine shop and test- 
ing rooms will be equipped with traveling cranes to 
handle all heavy work. The building is being con- 
structed so that additions, if found necessary, can be 
made in the future. 


A Working Exhibit. The operative exhibit of the 
J. H. McEwen Manufacturing Company, installed at 
the Electrical Exposition held at the Grand Central 
Palace, New York, during the month of May, and 
consisting of a forty kilowattThompson-Ryan mul- 
tipolar generator direct connected to a 10o > 10 Mc- 
Ewen engine received its due share of attention 
from the engineering profession and others who 
visited the show. Its compactness, pleasing outline 
and smooth running drew many highly compliment- 
ary remarks fromthe thousands of visitors, and in 
order to satisfy those who were interested from a 
practical standpoint, a water rheostat was provided 
so that any desired load up to fifty per cent beyond 
the rated capacity of the dynamo could be thrown 
off and on at will. The normal capacity of the dy- 
Namo is 320 amperes at 125 volts, and the test of 
throwing on and off 450 to 475 amperes instantly, with 
absolutely no sparking and without racing of the 
engine, wasa great surprise to all who witnessed the 
tests. Catalogues describing the above machinery 
may be obtained free by addressing the company at 
No. 20 Dey Street, New York. 


The Electric Appliance Company, Chicago, has 
brought out two more cleverand original advertising 
schemes in the shape of a pad or tablet of blank 
forms on which can be recorded thirty minute read- 
ings of the number of amperes as shown by a station 
ammeter. This gives a permanent record of the 
station load at thirty minute intervals during the 
entire twenty-four hours. Its other scheme is a 
complete set of architect's specifications for electric 
wiring, which can be used as a form for making 
contracts for electric wiring. These specifications 
have been carefnily drawn by a well known con- 
sulting electrical engineer and will be found valu- 
able guides in all electric light work. Either or both 
of these will be furnished free on application. ‘This 
company has succeeded in producing, by a few 
slight changes in the regular Upton are lamp, a 
lamp that will burn for thirty hours, with a single 
pair of carbons. This lamp is meeting with much 
favor, and will probably largely displace the regular 
ten, twelve and fifteen hour lainp. In addition to 
its great convenience, the question of its greater 
economy is a point not to be overlooked, 
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ELECTRICAL TRANSMISSION OF POWER 
IN CALIFORNIA. 


BY W. F. C. HASSON. 


NE of the most important mining dis- 
() tricts in the State of California, is 
that located in Nevada County. Thirty 
years ago, work was started onthe develop- 
ment of a great group of mines, and large 
quantities of ore were taken out. However, 
as the mines became deeper, the difficulty 
of handling the water which filled them had 
to be encountered. Steam pumping plants 
were installed, and all of the first growth of 
timber in the vicinity used as fuel. Ditches 
were built, and water power plants installed 
to operate the mines. Many of the mines 
were located so high up in the mountains, 
that it was impossible to reach them with 
water power, without obtaining it above the 
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snow limit. The result was an uncertain 
power during a fair portion of the year. On 
account of the cost of power, many of the 
mines were shut down, and gradually filled 
with water, and the two thriving towns of 
Nevada City and Grass Valley, from being 
busy mining centers, gradually settled into 
sleepy inactivity. 

Several years ago, Mr. A. Tregidgo, a min- 
ing engineer of great energy, took up the 
idea of an electric transmission of water 
power, to be obtained by damming the South 
Yuba River. He had many difficulties to 
encounter, as the country is extremely 
rugged and the mountains precipitous, nec- 
essarity making surveys a matter of great 
expense. The gold that had been taken from 
the mines, had been converted into money, 
and no longer remained in Nevada County. 
The successful operation of mining ma- 
chinery with electric motors was not as yet 


an established fact, and it was difficult to 
obtain confidence and to enlist capital. The 
large companies owning the ditch lines that 
supplied water power, thought they foresaw 
a diminution of their revenues, and en- 
deavored in every way to destroy confidence 
in the proposed electrical transmission_of 
power scheme. 

A thorough canvass was made of all the 
mining properties, and the amount of power 
required for various purposes estimated; it 
was shown that the machinery operated by 
steam power at extravagant rates, together 
with that lying idle for want of ecomonic 


. power, was far in excess of the capacity of 


the proposed plant. 

Finally, in 1892, Mr. Tregidgo succeeded 
in enlisting capital. sufficient for the con- 
struction of adam. Work on the dam was 


started late in the season, and pushed with 
all possible rapidity; but when about two- 
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thirds completed, an}earlyjstorm] brought‘a 
freshet in the torrential stream, which de- 
stroyed the dam, the confidence of the capi- 
talists who had furnished the money, and 
everything except the energy and self-con- 
fidence of Mr. Tregidgo. 

The financial condition of affairs for the 
next two years was such as to prevent any 
further progress with the proposed scheme, 
and it was not until the spring of 1895, when 
the electrical transmission of power had be- 
come an assured fact, that some of the 
wealthy mine-owners whose mines were 


lying idle, took up the matter and advanced 
the money necessary for machinery and con. 
struction. A contract was closed with Mr. 
John Martin, the San Francisco agent for 
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the engineering work were placed in the 
hands of Mr. William R. Eckart, and the 
firm of Hasson & Hunt. 


FIG. 2.—ELEVATION OF POWER HOUSE. 


The first problem was the construction, 
with materials at hand, of a dam of assured 
strength to meet the circumstances of a tor- 
rential stream. This question was taken in 


- the Stanley Electric Company, for the gen- 
erators and the construction of the pole line. 
The Pelton Water Wheel Company took the 
contract for water wheels. The details of 


FIG. 3.—PLAN OF POWER HOUSE. 


hand by Mr. Hunt and Mr. Eckart, and a 
cribbed log dam, in which each individual 
log was bolted back to the bed-rock, was de- 
cided upon as being a type that would stand 
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the accident of an early freshet without 
being carried away. 

The period for the construction of the dam 
being necessarily limited, it was rendered 
imperative that the work be pushed to com- 
pletion with great rapidity. On Aug. 30, 
the river was thrown into a temporary flume 
by a wing dam, and the bed-rock cleaned 
out preparatory to the work of laying the 
bed logs. A storm on Sept. 10 carried away 
the river flume, and it was twelve days be- 
fore the work of construction was again 
under way. The dam was completed on 
Nov. 12, 1895. 


The dam is 31.3 ft. in height, 206 ft. along 
the crest, and loaded with about 6000 tons 
of granite rock blasted out of the adjacent 
mountains. This work was pushed night 


and day by Mr. Tregidgo, and is unquestion- 
ably an example of very rapid construction. 
Within a short time after the completion of 
the dam, a heavy freshet put water nine feet 
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in depth across its entire top, without the Stanley-Kelly two-phase generators, each of rent generators, driven by independent water 
dam showing any indications of weakening. which is directly connected toa Pelton water wheels. . 

From the dam, a flume wascarriedalongthe wheel having a capacity of 500HP. The gen- The water is carried from the penstock to 
the receiver at the 
power house, 
through a pipe 
fifty-five inches in 
diameter at the 
top, and forty-two 
inches at the 
bottom, the ver- 
tical head being 
206 ft. The an- 
choring of the pipe 
was attended with 
considerable dif- 
ficulty, due to the 
fact that the side 
of the mountain 
proved to be com- 
posed of disinteg- 
rated granite to 
a very consider- 
able depth. The 
greater proportion 
of the power house 
site was blasted 
out of solid gran- 
ite. 

The first pipe 
supplied by the 
contractor was re- 
jected by the en- 
gineers as failing 
to fulfill the speci- 
fications and being 
so poorly construct- 
ed as to be danger- 

FIG. 4.—TWO-PHASED GENERATOR. ous. The result 

was a delay ir 

mountain side a distance of 18,340 ft. to the erators are driven at a speed of 400 r.p. m. starting the plant which was finally ac- 
power house site. The angle of the slope of delivering current at an E. M. F. of 5500 complished on Feb. 4, 1896, since which 
the mountain ii - 
along the greater i 
portion of the ex- 
tent of the flume, 
is about 40 degs., 
and where the 
flume did not rest 
upon a slippery 
slope of solid gran- 
ite, the work had 
to be carried 
through a dense 
undergrowth of 
manzanita. 

The power house 
is located suf- 
ficiently above the 
bed of the river to 
be above danger of 
high water, and at - 
the foot of a 
mountain having a 
rise of 1000 ft. in a 
distance of 1700 ft. 
A road was built as 
far as practicable 
down the mount- 
ain side, and the 
machinery was 
hauled within 900 
ft. of the power 
house, from which 
point it was snub- 
bed down the precipitous mountain side. volts and 16,000 alternations. The exciting date an uninterrupted commercial service 

The machinery consists of two 320-KW current is supplied by two 6-Kw direct-cur- has been given to Nevada City, distant 
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FIG. 5.—GENERATOR, ARMATURK FRAME PARTED. 
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four miles, aud Grass Valley, distant eight 
miles (Fig. 10). Mine owners were desirous 
of seeing the power actually delivered before 
contracting for motors, and this delayed for 
some time the development of the motor 
service. This, however, is now rapidly pro- 
gressing, and a new area of light, activity 
and prosperity has come to Nevada County. 

The cost of dam, flume, pipe line, power 
house, hydraulic and electric machinery, 
and eight miles of transmission line, was 


$99, 700. 


EQUIPMENT OF THE NEVADA COUNTY 
PLANT. 


The general arrangement of the Nevada 
County plant is shown in Figs. 2, 3 and 4, and 


FIG. 6.—INDUCTOR OF TWO-PHASED GENERATOR. 


the type of Pelton wheel installed is illus- 
trated in Fig. 9. The coupling to which the 
generator is attached is seen on the left, 
the generators being seated on an extension 
of the bed-plate. Regulation is afforded by 
Pelton differential governors, one of which 
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is shown mounted on the base in the illustra- 
tion. 

The type of generator is shown in Figs. 
4 aud 5, the latter with the armature pulled 
apart. The armature and field coil are sta- 
tionary, the only movable part being the 
steel inductor, shown in Fig. 6. The arma- 
ture coils are mounted in 
two crowns (Fig. 5), each 
forming the generating 
circuit of one of the two 
branches or '‘ phases ” of 
the two-phased line. The 
terminals come to the 


marble terminal board shown 
in Fig. 4, which consists of 
two slabs, one secured to the 


machine and the other formimg a removable 
cover. Partitions between the two slahs 
divide the space into compartments, so that 
each terminal has a compartment by itself. 

The stationary field or exciting coil is 
shown in Fig. 5; it is wound on a copper 


FIG. 8.—SWITCHBOARD. 
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spool and rests on the center of the machine 
surrounding the inductor. Being enclosed. 
on three sides by the heavy copper spool, 
danger of breaking down the insulation from 
a discharge caused by breaking the field 
circuit when fairly charged, is practically ob- 
viated, 
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FIG. 7.—SIDE ELEVATION OF POWER HOUSE. 


The generators are operated at 5500 volts 
without step-up transformers, and are run in 
parallel. Of course, the breaking of a cir- 
cuit worked at sucha high E. M. F., isa 
somewhat difficult matter, and for that reason 
all the switches on the board (Fig. 8) are_es- 
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pecially designed. Arcing is prevented by 


enclosing the jaws of the switch in a box 
with only a narrow slit to allow the blade to 
enter, and this slit is automatically covered 
by a slide immediately on the withdrawal of 
The static ground detectors 


the blade. 
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THE SELECTION OF A DYNAMO. 


BY CKCIT, P. POOLE. 


So many factors enter into the performance 
of a‘dynamo-electric machine that an attempt 


FIG. 9.—PELTON WATERWHEEL, NEVADA COUNTY (CAL. ) PLANT. 


shown in the illustration of the switchboard, 
are based upon the principle of the Kelvin 
quadrant electrometer. 

The several views in Fig. 1 will enable an 
idea to be formed of the character of the 


country where the plant is installed, and the 
accompanying map (Fig. 10) shows the lo- 
cation of the power house of the two towns 
in the mining district, and the course of the 
main transmission line. 


—___~--e—_____- 


Ornamental Arc Lamps. 


In the article under the above caption in 
the June issue the name of Messrs. Oxley & 
Enos was inadvertently omitted from those to 
whom acknowledgment was made for the 
use of designs of ornamental lamps for re- 
production to illustrate the article. 


to do full justice to each detail of the subject 
of this article would soon expand into a 
treatise on dynamo construction; therefore, 
only the more important features will be 
considered. 

Insulation.—The chief of all requirements 
is good insulation, and any sacrifice in this 
particular worse than nullifies a resultant 
gain in efficiency, weight, cost, or other 
items. An arc-light dynamo of the open- 
coil type should show an insulation resist- 
ance between commutator and shaft of cer- 
tainly not less than five megohms, and this 
is also true of alternators; railway generators 
should test up very nearly as well—say, three 
megohms—and low potential machines ought 
not to show less than a megohm, the test in 
each case to be made with current at 100 
volts or thereabouts. 

Armature Windings.-Toavoid overheating 
and carbonization of insulation, the arma- 
ture of asn arc-light dynamo of the Gramme 
ring bipolar type should be wound with No. 
15 or larger wire (B. & S. gauge) for 9.6 
amperes, No. 16 for 8 amperes, No. 17 for 
7% amperes and No. 18 for 6.8 amperes; of 
course the armature surface, speed and total 
resistance define the heating effect mathe- 
matically, current being fixed, but as the 
armature surfaces and speeds of most Gramme 
ring arc machines of a given size are nearly 
identical, the size of the wire constitutes an 
indication which purchasers might well note. 
Concerning alternator windings suggestions 
are hardly necessary, as the disreputable 
types of this class of machinery have 
come to a natural extinction. This is also 
true to a great extent of railway generators; 
there yet remain, however, a few machines 
containing surface-wound armatures which 
it isa good plan to avoid. Low potential 
armature windings have also been brought 
to a state generally that leaves little to be 
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desired.” Nests of cross connections in the 
baek ends of commutators, however, still 
furnish work for the repair shops and assist 
in elevating the temperature in the vicinity of 
some machines as well as the temper of their 
attendants. A drum armature is preferable 
the coils of which are individually insulated 
and the heads left uncovered; if the location 
in which the machine is to be used is par- 
ticularly dusty and dirty, better enclose the 
whole machine in a closet large enough to 
allow a man to walk around it, than to have 
canvas heads put on the armature. If the 
dynamo is for central station service there 
is no excuse for allowing dirt or deleterious 
substances to accumulate in the armature 
heads. Select a machine, if possible, hav- 
ing the coil ends laid across the armature 
heads with some space between the individual 
coils and considerable between the inner and 
outer crossings; this will allow the dislodg- 
ment of any foreign substance that may 
creep in, without jabbing the insulation or 
wedging the coils out of shape. If a ma- 
chine having a Gramme ring armature is 
preferred, care should be taken to avoid con- 
nections between coils and commutator that 
are soldered to the winding so close to the 
armature as to render repairs difficult in case 
of a break at that point. The joint should 
be fully an inch from the edge of the arma- 
ture. For small machines separate connec- 
tors are objectionable; the ends of each coil 
should go to the commutator. It is almost 
superfluous to recommend slot-wound arma- 
tures as being generally preferable. 

Commutator.—The commutator of a 
Grammie ring bipolar arc lighter should con- 
tain not less than four segments per lamp 
capacity, and five isa more desirable number. 
Constant potential machines should not be 
accepted having fewer than six segments per 
100 volts, multiplied by the number of pole 
pieces ; that is, a 500-volt machine with four 
poles should not have less than 120 segments 
in its commutator; eight times the number 
of pole picces for each 100 volts is safer and 
gives much smaller tendency to sparking. 
The area of contact between the connections 
and the commutator lugs should be not less 
than ten times the cross-sectional area of the 
wire; otherwise there is danger of melting 
the solder out. The brush surface, if copper 
brushes are used, ought to be not less than 
one square inch per 100 amperes; with car- 
bon brushes, four to six square inches, ac- 
cording to the E. M. F. of the machine, 500 
volts E. M. F. requiring, of course, sinaller 
brush surface per 100 amperes than 250 
volts. 

Brushes and Holders.—The brushes should 
be so arranged as to facilitate their removal 
or individual adjustment while the machine 
is running, and this without liability of 
mechanical accident to the attendant. This 
applies to alternators and arc-light machines 
as well as the less dangerous ones, as it is 
sometimes necessary to make these adjust- 
ments while a machine is running at full 
speed, though the field be ‘‘ killed ’’ and the 
machine be out of service. Carbon brush 
holders which clamp the brush firmly and 
move with it toward the commutator are 
preferable to the common slot and finger 
nuisance, which has nothing to recommend 
it beyond cheapness. 

Field Magnet.—It is obviously impossible 
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to point out any particular type of magnet as 
superior to all others. Whatever the type, 
it should be readily separable in large ma- 
chines so as to permit the removal of the ar- 
mature without dismantling the whole 
machine and disturbing all the electrical con- 
nections. In machines of twenty-five kilo- 
watts capacity or less, the armature should 
be easily removable endwise by taking off 
one bearing—preferably the one at the pul- 
ley end. The magnet frame, if the machine 
be not of the iron-clad type, should shield 
the ends of the field coils farthest from the 
armature, or have lugs cast or bolted on for 
that purpose; the ends nearest the armature 
should be protected by heavy fibre or thin 
brass heads. The heaviest part of the magnet 
frame should lie below the armature, and if 
the magnet is symmetrical in weight all 
around the armature a very substantial base 
should be cast or permanently bolted on. The 
longest dimension of the machine, exclusive 
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not be countenanced under any circum- 
stances; the base should be in one piece, sub- 
stantial and rather massive, and should con- 
form to the floor plan of the machine. The 
sliding surfaces should be directly under the 
bearings, and if the plan of the machine has 
the general shape of a cross, a sliding sur- 
face should also run under the center of the 
dynamo. Unless these points are observed 
the machine will run with more or less 
tremor. . 

Bearings.—The bearings should, of course, 
be self-oiling, and unless the yoke or ped- 
estal has a circular seat, bored at the same 
time with the pole pieces, they should be 
self-aligning. The length of the journal 
brass should never be less than four times its 
bore, and boxes longer than five inches 
should be provided with a plurality of oil 
rings, chains or other oiling devices. 

Pulley.—The most commonplace piece in 
the entire make-up of a dynamo, and one 


TABLE OF MINIMUM PULLEY DIMENSIONS, 


(Vor. VIII. No. 3. 
will be foundin either of the horizontal rows 
of figures at the top and bottom of the left 
hand section of the table. 

If the conditions fix the width of belt— 
which is very rarely the case—the operation 
may be reversed to ascertain the minimum 
diameter of the pulley. When the exact 
horse power or number of revolutions does 
not appear in the table it is best to take the 
next Aigher number of horse power and the 
next /ower number of revolutions, unless 
these are very much farther out of the way 
than the next lower and higher numbers. 
For example, if a dynamo has a twenty-inch 
pulley and requires sixty-five horse power to 
drive it, the figure 63 in the table would be 
preferable to the next higher number, 75; 
similarly, if such a machine ran at 810 revo- 
lutions, it would be nearer accuracy to take 
the number 830, which gives a ten-inch belt, 
than to take the next lower number, 750. 

General.—High-speed machines should be 
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DIAMETER OF PULLEY. 
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of base, viewed from the side or the end, 
should invariably be a horizontal one. The 
portions of the frame which support the ped- 
estals or journal yokes should rest directly 
upon the sub-base. 

Sub-Base.—It is essential to the convenient 
operation of belt-driven machines that the 
form of sub-base used should enable the at- 
tendant to tighten or slacken the belt by 
handling a single lever or wheel; the writer 
has seen a sixteen-inch belt wrecked by set- 
ting up one side of a double-screw base ahead 
of the other side, the attendant being unable 
to set up the slack side quickly enough to 
prevent the belt from running off. This, of 
course, was carelessness on the dynamo 
tender’s part, but machines should not em- 
body features that provoke or render practi- 
cable such carelessness. The mechanical 
connections between dynamo and sliding 
base should be such that the machine can be 
removed and replaced without the trouble of 
jacking up the base to the handle nuts, or 
sticking one's hand through an inch anda 
half crack for that purpose. The cheap form 
of base consisting of two tracks made in sep- 
arate pieces isa vile makeshift that should 
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furmishing unlimited opportunities for petty 
annoyances, and some which are more seri- 
ous, is the pulley. Unless it affords ample 
surface, a sudden pull, such as railway gen- 
erators must withstand, results in belt slip- 
ping and deterioration, and it is frequently 
the case that machines running under full 
load require constant attention to avoid belt 
trouble. 

The accompanying table will be found 
convenient for determining the minimum 
practical pulley dimensions. The table is 
used as follows: Assume a dynamo requir- 
ing fifty horse power to drive it, and designed 
to run at 550 r. p. m. Suppose the engine 
pulley and speed compel the use of a dynamo 
pulley twenty inches in diameter, required 
the least width of pulley face. Find the 
pulley diameter, 20, in the top row of 
figures, right hand section of the table; follow 
down this colunin until the horse power, 50, 
is reached; then follow that horizontal row 
over into the left hand section of the table 
until the number nearest the speed, 850, is 
reached; this is $75; follow up or down the 
column in which this number is and the mini- 
mum allowable width of belt, eight inches, 


avoided if possible; while they cost less orig- 
inally than machines designed to run at 
moderate speeds, they deteriorate more rap- 
idly, and render direct belting from the en- 
gine more inconvenient, not to mention their 
greater liability to run hot. Four thousand 
feet per minute should be regarded as the 
limit of belt speed; for economical belt opera- 
tion 30001s a good average speed. As the 
belt speed is determined by the diameter of 
the pulley and the number of revolutions 
per minute, this should be considered also in 
fixing the size of pulley, unless the dynamo 
is bought to be driven by an engine already 
on hand, in which case the engine pulley 
and speed will govern the diameter of the 
dynamo pulley, the speed of the latter being 
already fixed by the manufacturer. Super- 
fluous ornamentation in the way of gilt 
stripes, flowery designs in gaudy colors, etc., 
are exceedingly undesirable. When new the 
dynaino has the cheap appearance of agricul- 
tural machinery, and when the ornamenta- 
tion wears from necessary cleaning, it gives 
the machine a demoralized, junk-shop ap- 
pearance, 

Finally, no type of machine should be se- 
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lected without witnessing its performance in 
actual service, if possible, or under condi- 
tions similar to those found in practice, during 
which performance the fields and jour- 
nals should not even approach an uncomfort- 
able heat, and after which the armature 
should not be too hot to allow the palm of 
the hand to rest on any part of it without 
serious inconvenience to the owner of the 
hand. The action of the oil in the bearings 
should be noted; if the machine throws oil 
outside the bearings, don’t buy it. 
— eo 
HOW IS MOTION GIVEN TO THE ARMA- 
TURE OF A DIRECT CURRENT | 
MOTOR ? 


BY TOWNSEND WOLCOTT, 


The question has repeatedly been asked, 
‘Is it the attraction between the field mag- 
nets and the iron core of a motor that gives 
rise to the useful torque, or is it the attrac- 
tion between the field and the armature con- 
ductors, or between the field and the current 
in the armature conductors?” 

In motors having toothed armatures the 
torque is largely due to the first named cause. 
Strange as it may seem, the second hy- 
pothesis is the correct one in some motors, 
and has some effect in all motors. Although 


FIG. I. 


the copper conductors on the armature are 
not attracted by the field magnets when there 
is no current in them, and although when 
there is a current the attraction or torque is 
(with constant field) strictly proportional to 
the current, yet it is not the current itself 
which is attracted, but the conductor carry- 
ing the current. 

Among the early discoveries in electro- 
magnetism was that a disk of copper placed 
between the poles of a magnet in the posi- 
tion shown in Fig. I and traversed by an 
electric current as there indicated (4 and B 
being sliding contacts, 4 + and 8 —), would 
revolve in the direction indicated by the 
arrow. This device is here noticed, because 
it exhibits in its most elemental form the 
fundamental principle of one type of electric 
motors, and is, therefore, the proper starting 
point from which to build up the theory of 
the operation of any of the practical types 
of motors such as are in every-day use, in all 
of which there is some torque due to this 
cause. 

To make the fact still plainer before en- 
tering into particulars, let Fig. 2 represent a 
copper disk, and suppose the current to en- 
ter at the center and to be taken off equally 
at all points of the circumference, so that 
the distribution of current is perfectly uni- 
form in radial directions, as shown by the 
arrows. Then suppose there is a south mag- 
netic pole beneath the paper and a north 
pole above, which produce a perfectly 
uniform field of force over the whole of 
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the disk. This only differs from Fig. 1 in that 
the current distribution and magnetic field 
are uniform all over the disk. The disk re- 
volves clockwise, or in the same direction as 
the disk in Fig. 1. 

Here we have a perfect motor, torque, 
counter E. M. F. and all, but in which there 
is no attraction or repulsion of anything in 
the ordinary sense of the words. In ordi- 
nary language we only use the word attrac- 
tion for a force which draws bodies together, 
and repulsion for a force which drives them 
apart. In Fig. 2 neither the disk as a whole 
nor any separate part of it approaches or re- 
cedes from the poles or vibrates between 
them, so that the turning force or torque 
is neither an attraction nor a repulsion, 
properly speaking. 

The next question is, On what is this torque 
exerted, on the current in the disk or on the 
disk itself? The answer has already been 
given—on the disk. If we had a loaded boat 
floating gunwale deep in the water, anda 
dispute should arrise as to whether ft was 
the weight of the cargo or that of the boat 
itself which caused it tosink so far, the dis- 
pute might be easily settled beyond all doubt 
by knocking the bottom out of the boat. If 
the cargo sank to the bottom and the boat 
floated higher than before, we would say it 
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was the weight of the cargo (that isthe pull 
of gravity on it) that made the boat float 
deep in the water. If, on the other hand, 
the boat should sink to the bottom and the 
cargo should float high in the water, we 
would say that it was beyond all question 
the weight of the boat itself and not that of 
the cargo that madeit float deep. 

Now in the case of any of the commercial 
forms of motors, the copper conductor of 
the armature is divided by insulation into 


separate channels, and it is not easy to say, 


a priori, whether the torque acts upon the 
current or the conductors which carry the 
current; that is, the cargo or the boat. 
Some have argued that the current tended 


` to revolve and carried the conductors with 


it; that is, the cargo was the heavy part. 
But in the case of Fig. 2, we have the 
bottomless boat and behold, the boat sinks 
and the cargo floats, the disk revolves and 
the current does not. We have no direct 


: proof that the current does not revolve, be- 


cause whether it does or not it will still leave 
the periphery equally at all points, but in 
Fig. 1, where there is only one peripheral 
contact, it is evident that the current cannot 
revolve with the disk, and there is nothing 
in Fig. 2 to indicate that it does revolve 
there. 

In the wire-wound armature a wire is 
caused by the torque to first approach a 
field pole, and then recede from it, so that 
the words attraction and repulsion apply 
to some extent, but are not really necessary, 
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nor are they strictly accurate. For the 
force really tends to drive the conductors 
across the field so that they cut the lines 
of induction, just as in Fig. 2, and it is only 
incidentally that they are caused to approach 
or recede from a pole. When a conductor 
is under a pole there is no tendency for it to 
move radially either to or from the pole, but 
only tangentially or across the face of the 
pole. But whether we call the torque at- 
traction or not, the force acts upon the con- 
ductor and the conductor carries the current 
with it, and not the contrary, as some have 
claimed. 

Now as to the action of iron as a torque 
producer. Of course, the iron of the arma- 
ture has an indirect action in producing 
torque, in that it serves as a path for the 
magnetic induction to travel, from pole to 
pole of the field, through the course which 
allows the lines to be cut in the most advan- 
tageous manner. But of direct attraction 
between field and armature iron in the same 
sense that a horseshoe magnet attracts its 
keeper, there has beena difference of opinion 
among authorities, but at the present time 
the opinion seems to be growing, that this 
direct attraction is the chief source of torque 
in toothed armatures, whether it be or not in 
smooth cored armatures. Wherever there is 
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direct attraction of masses of iron in the 
armature, which are drawn to the poles, and 
then atter commutation of the current are 
repelled, there are fluctuations introduced 
into the field magnetism and consequently 
into the current also. 

In Figs. I and 2 is represented one ex- 
treme, where there is absolutely no attrac- 
tion of anything, and where the currrent is 
absolutely uniform. Fig. 3 illustrates the 
opposite extreme. It is a motor with the 
oldest form of Siemens armature, known as 
the shuttle type. Starting with the arma- 
ture in the position indicated at A, we will 
suppose that commutation has just taken 
place. The current then circulates about 
the two fields in one direction, and about 
the armature core in the other direction. Ié 
we consider the field current as acting on the 
field only and the armature current as act- 
ing on the armature only, we have the polari- 
ties indicated at 4 (Fig. 3), where two north 
poles come together and also two south 
poles, so that we have repulsion. If we con- 
siderthe magnetic circuit as a whole, then 
the armature current in this position intro- 
duces a counter magneto-motive force. The 
armature then passes to the position Z (Fig. 
3), where there is both attraction and repul- 
sion, and then to the position C, where a 
north and a south pole come into juxtaposi- 
tion. 

In this position the armature current evi- 
dently assists the field current in magnetiz- 
ing the whole magnetic circuit and the total 
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flux is therefore greater than in position 4; 
but the moment after position C is reached, 
commutation takes place, the condition of 
affairs in 4 is re-established, and the cycle 
is complete. Or, in other words, after the 
magnetic flux has reached a maximum, it is 
suddenly reduced to a lower value (not nec- 
essarily a minimum, however, for in position 
B, the magnetic circuit is nearly ruptured), 
and this variation takes place periodically 
twice for each revolution of the armature. 
If any of the older forms of motors, in 
which, asin Fig. 3, there is genuine attrac- 
tion and repulsion of the armature, be 
thoroughly investigated, it will be found 
that as in Fig. 3, there are periodic varia- 
tions in the field flux commensurate with the 
attraction. 

Now the question arises, How much if any 
torque or mechanical push or pull of any 
kind is exerted on the winding of such a 
shuttle type armature? In position A, Fig. 
3, there is a chance for some of the lines of 
induction to cut the winding directly in 
passing from pole to pole, and in this casea 
corresponding mechanical force would be 
exerted. The amount of this stray induc- 
tion as it may be called, is less as in propor- 
tion the groove or slotin which the winding 
is placed is narrower, and where as in 
modern toothed armatures the slots are 
narrow and deep with plenty of iron between 
them, there is very little stray induction. 
But whether or not there is stray induction 
in position ZB, there is practically none that 
can affect the winding in positions 4 and C. 
In these positions commutation takes place 
as before stated, and a large counter E. M. F. 
is set up in the winding, but whether in con- 
sequence there is necessarily any mechanical 
force exerted on the winding seems at pres- 
ent not quite settled, although there prob: 
ably is not. 

In the very early days of electric motors 
when the conservation of energy was not as 
well understood as at present and the func- 
tion of the counter E. M. F. in a motor had 
not even been guessed at, motors were de- 
signed purposely to obtain the largest possi- 
ble ferric attractions, in which object the de- 
signs were successful; much, however, to the 
surprise and chagrin of the designers, these 
motors would not do any more work than 
other motors in which the ferric attractions 
were less. 

The reason for this is now thoroughly 
understood. The energy delivered by a 
motor must eventually come from the energy 
of the electric current with which the motor 
is fed, and this energy can only be converted 
into mechanical work in proportion to the 
counter E. M. F. generated in the motor. 
Now the only torque that is of any value is 
the mean value for a whole revolution or 
cycle, and the same may be said of the 
counter E. M. F. A ferric attraction may in- 
troduce a large torque at a particular point, 
but when the attracted mass has come as 
near as possible to the attracting pole, it be- 
comes necessary, in order to continue the 
torque, to commutate the current in that por- 
tion of the armature. Then comes the day 
of reckoning, and squaring of accounts. 
The torque is paid for in form of a violent 
jerk in the counter E. M. F. due to commu- 
tating the current. A definite amount of work 
delivered per revolution of the armature 
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(with constant speed), means a definite aver- 
age torque, which in turn means a definite 
average counter E. M. F., and this depends 
on a definite number of lines of force cut by 
the armature conductors per revolution, and 
upon nothing else whatever. When there 
are ferric attractions, however great the 
torque may be at certain points, the mean 
value will be no greater than with the same 
magnetic induction through the armature, 
but without the attraction. 

A common way of explaining the action 
of a motor is shown in Fig. 4. This is a 
modern armature, either drum or ring, and 
the polarities are the sameas in B (Fig. 3). 
Now it is said that the north field pole at- 
tracts the south armature pole, and repels 
the north armature pole, while the south field 
pole attracts the north armature pole, and re- 
pels the south armature pole, and all these 
forces tending in one direction of rotation, 
the armature turns that way. If the brushes 
always made contact with the same commu- 
tator bars while the armature revolved this 
might be true, and the armature would turn 
until the north and south poles of the arma- 
ture were respectively opposite the south 
and north poles of the field, when it would 
stop. This however, is not the case, for as 
soon as the armature has turned a very little 
another commutator bar comes under each 
brush and the armature poles are not greatly 
shifted in position, but vibrate back and forth 
over the width of one commutator bar. 

Admitting this slight. fluctuation of the 
armature poles, it follows that a part of the 
torque even in a smooth cored armature is 
due to ferric attraction, but this part is prob- 
ably very small, and experience proves that 
nearly all the strain is on the conductors 
direct, for there is a strong tendency of the 
conductors to slide upon the core. 

In conclusion it may be said that there are 
two distinct actions tending to produce 
torque. First, the direct action of a mag- 
netic field on a conductor carrying a current 
tending to move it across the lines of mag- 
netic induction, but not to attract or repel it. 
Second, the magnetic attraction and repul- 
sion between the field poles and parts of the 
armature core, which attractions and repul- 
sions, although due to the currents in the 
armature conductors, do not necessarily in- 
volve any mechanical strain on the conduc- 
tors, though under certain circumstances 
they may do so. 

Both of these actions may and do exist in 
the same motor, but in motors having 


smooth armature cores, the first is the prin- ’ 


cipal one, the second being of no practical 
importance, while in motors having toothed 
armature cores, the reverse is the case. 
That is, the direct attraction of the teeth by 
the field poles is the chief source of torque. 
— eo 
COMPRESSED AIR MOTORS FOR STREET 
RAILWAYS. 


Two systems of compressed air street rail- 
way traction have recently been announced 
as rivals of electric traction. One of these is 
known as the Hardie system, and an experi- 
mental car employing it has been in opera- 
tion for some time at Rome, N. Y. The 
other is the Hoadley system, and a number 
of experimental street cars are now being 
equipped with it for trial by the New York 
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Metropolitan Street Railway Company. The 
New York Third Avenue Street Railway 
Company will similarly make a trial of the 
Hardie system. 

None of those interested in either com- 
pany will give any specific information in 
regard to the details of the systems. In both 
cases, however, the claims for radical superi- 
ority are based upon the use of air at a 
pressure of 2000 lbs. per square inch, which 
is stated to be four times greater than 
pressures heretofore employed. The Me- 
karski compressed air system, which is now 
used on several European street railways, 
uses a pressure of but 500 ibs. The weight 
of the car is given as 18,000 lbs. 

The Hardie car at Rome contains in all 
sixteen air reservoirs, weighing 4340 1bs., 
and having a total capacity of fifty-one cubic 
feet. The left hand portion of the accom- 
panying illustration shows the general ar- 
rangement of fiveof these. Those under the 
seats on each side run the entire length of 
the twenty-eight foot car; the others are sup- 
ported on a framework of locomotive con- 
struction, as shown. A cylindrical tank 
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(shown in the middle òf the illustration) is 
half-filled with hot water at a high tempera- 
ture, through which the air passes in order 
to be heated before entering the cylinders. 
This hot water attachment, it may be re- 
marked, is not used with the Hoadley system. 
As the air is at an initial pressure of 2000 Ibs. 
in the reservoirs, and has to be reduced to a 
pressure of 150 lbs. upon entering the motor 
cylinders, it takes on a very low temperature 
when thus expanded, and is therefore passed 
through the hot water tank to be heated. 

The motor is precisely like a steam engine. 
There are two independent cylinders, 7 ins. 
X 14 ins., one on each side of the car, as 
shown at Æ. The front and rear wheels of 
the car truck are connected by a parallel rod 
as on a locomotive. (This arrangement was 
used on the cars of the Eickemeyer Street 
railway system, but with disastrous results 
on account of the impossibility of keeping 
the bearings from cutting.) The valves are 
of the slide pattern, and a modified Stephen- 
son link is used. 

The tanks are filled at regular intervals at 
the power house, steam at the same time 
being led into the water of the heater, which 
is given an initial temperature of 300 degs. 
to 325 degs. F., the final temperature being 
from 100 degs. to 190 degs. The tank is 
seven feet long and eighteen inches in 
diameter, and is jacketed with non- 
conducting materials. 
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MODERN COMMUTATOR CONSTRUCTION. 


In the early days of industrial electricity 
the commutator of a dynamo or motor re- 
ceived less consideration at the hands of the 
builder than almost any other part of the 
machine. The current transmitted was 
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trifling, and the difference of potential be- 
tween bars was so insignificant that it gave 
no trouble and consequently was not made 
a factor in the general design of a machine. 

A commutator in those times was composed 
of a wooden cylinder with thin brass or cop- 
per strips attached by common wood screws; 
as the output of individual machines grew, 
this construction soon demonstrated its rank 
deficiencies, and a modification was made 
which consisted of strips a little thicker than 
before, with the ends next the armature 
turned outward radially and the opposite 


` 
= 


HEY WAY 


1, 
AN 


SS 


“Uy 


FIG. 3. 


ends bent inward; an ‘“‘ebonite’’ disk was 
put inside the outer ends, screws through 
the radial lugs holding the structure together 
at that end; a similar, but larger disk, was 
screwed to the outside of the radial lugs at 


the other end, and the builders of large ma- 
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chines (of five to ten kilowatts capacity ) con- 
sidered the conimutator question forever 
settled. 

Within five years after the first machine 
was built for commercial service, however, 
many changes had been made and the essen- 
tial mechanical features of the present com- 
mutator had been adopted as superior to 
everything else. Pasteboard, varnished 
linen, baked wood, and vulcanized fibre 
were tried in rapid succession for insulating 
the segments, each proving immediately its 
inadequacy, so that to-day a commutator in- 
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sulated with anything short of the best qual- 
ity of mica is not deemed worth freight 
charges. 

It is interesting to note the variety of ideas 
embodied in modern commutator construc- 
tion. While the general plan is the same in 
all, the details of construction are almost 
numberless. Fig. 1 shows the form of com- 
mutator built by the Stucky & Heck Manu- 
facturing Company for old style Weston arc- 
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light dynamos. It reminds one at the first 
glance of the original strip commutator 
above referred to, but inspection of the sec- 
tional view given by Fig. 2 shows that the 
only similarity is in the twist given the seg- 


. ments. The bars are of the inside-bevel 


type; the sleeve and one end ring are in one 
piece; the clamping ring is forced into 
place by an annular nut screwed on the end 
of the sleeve. This is the earliest type of 
the bevel-ring commutator, and one upon 
which it has been difficult to improve, so far 
as the structure of the commutator itself is 
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concerned. The connecting wires are held 
by binding screws in holes drilled parallel 
with the shaft and in the ends of the seg- 
ments. A sleeve of mica is placed on the 
metal sleeve of the shell to guard against 
contact between the latter and the inner 
edges of the bars. The beveled surfaces and 
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the overhang of the segments are insulated 
from the shell by one-piece rings of mica or 
micanite, pressed into shape. 

A commutator of the same type is that of 
the Elektron Manufacturing Company, 
shown by Fig. 3; the only differences in 
form are greater clearance between sleeve 
and segments, and the addition of radial 
lugs slotted to receive the armature leads. 
The mica insulating rings are ẹ in. thick; 
no mica sleeve is required because of the 
greater clearance mentioned, and the clamp- 
ing collar has a short hub to stiffen it. The 
frame or shell is made of cast iron. The 
bars are drop-forgings, and the insulation is 
pure mica between bars and shell and also 
between the bars themselves. The copper 
segments and mica segments are set up care- 
fully in a jig, which is then placed in a 
lathe and the taper grooves at each end 
are accurately turned out. The mica in- 
sulating rings and the shell are then put 
in place and are locked by the heavy 
nuts shown in the drawing at the right 
hand end. The two parts of the shell are 
forced together under great pressure and 
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then locked by the nut. The mica insu- 
lation is allowed to project at theend toward 
the armature, also at the inside edges of the 
bars. At the outside end the shell, the in- 
sulating rings and the bars are flush with 
each other and are turned off smooth so that 
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it is impossible for any dust or dirt to lodge 
and start short circuits. 

Fig. 4 shows the commutator of the Storey 
Motor & Tool Company, which is similar to 
the two just described. The segments are of 
the outside-bevel type, with the brush sur- 
face extended radially beyond the bevel. 
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In this commutator, the annular nut has the 
same external diameter as the clamping 
collar, obviating any tendency to buckle or 
dish the latter. A very similar segment is 
used by the Royal Electric Company, as 
shown in Figs. 5 and 6. The bevel extends, 
however, clear up to the brush surface, and 
an insulating bushing is slipped inside the 


cylinder formed by the segments. The. 


O77 LLL LL AE 


LIMP OS OO 


Z 


FIG. 9. 


commutator, shown by Fig. 5, differs from its 
mate (Fig. 6) in having separate metal rings 
to give the ends of the bars an internal bear- 
ing; these are displaced in the other com- 


mutator by a shoulder on the sleeve and 


a hub on the clamping collar. 

The commutator used by the Fort Wayne 
Electric Corporation on bipolar machines, 
shown by Fig. 7, is almost exactly like that 
in Fig. 6; the tightening collar, however, is 
provided with a pin inserted radially in the 
inner edge; this pin projects into a slot in the 
sleeve and prevents the collar from turning 
when the nut is set up. The connecting 
lug is formed of two strips of copper riveted 
together and to the end of the segment, as 
shown in the upper left hand corner of 
Fig. 7; the outer ends are bent so as to form 
a clamp for the ends of the wires coming 
from the armature. The insulation at each 
end of the segments is formed of three sep- 
arate mica rings, one cylindrical, one dis- 
coidal and one conical; the conical ring laps 
the discoidal one, so as to keep ovut deleteri- 
ous substances and press the two rings tightly 
together; the sketch in the lower left hand 
corner of Fig 7 shows this. 

Fig. 8 shows a commutator used by Pater- 
son & Cooper in England. It is very similar 
to the Storey commutator (Fig. 4); the con- 
necting lugs are separate from the segments, 
soldered to them; the end insulation is like 
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that of the Fort Wayné commutator, minus 
the discoidal rings. 

The Gulcher Company, in Germany, uses a 
commutator bar with a double internal bevel, 
as shown in Fig. 9. The tightening collar and 
the back flange each has a beveled ridge corre- 
sponding with the groove formed by the nicks 
in the ends of the bars when assembled, and 
four mica rings are used at each end for insu- 
lation, two discoidal and two conical. The 
shell is held on the shaft by being pressed 
against a shoulder at the back end by a nut 
against the front end, which is secured by a 
jam nut. 

The commutators built for Weston and 
United States machines by the Stucky & Heck 
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Manufacturing Company are almost identi- 
cal with the Gulcher device; the clamping 
collar, however, has an internally projecting 
pin, like that used in the Wood commutator, 
( Fig. 7, ) and the following nut, after being 
set up hard, is prevented from backing off 
by a small screw passing through it into the 
clamping collar. This commutator is shown 
by Fig. 10. The Gulcher commutator ( Fig. 
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9 ) has a greater proportion of reserve metal 
for brush wear than the Stucky & Heck; 
otherwise the bars are identical. 

A segment having a double external bevel 
—the reverse of the two just described—is 
used by the E. G. Bernard Company; the re- 
lative arrangement of sleeve, clamping collar 
and nut is like that shown in Fig. 10. The 
sleeve is kept from turning on the shaft by a 
pin driven in the shaft and fitting into a ra- 
dial slot in the back end of the sleeve. The 
following nut is not screwed to the clamping 
collar after being set up, asin the Stucky 
& Heck arrangement, a very fine thread 
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being used in the nut; the Bernard commu- 
tator is shown by Fig. II. 

A rather peculiar commutator segment of 
the internal-bevel type is used by Kapp in 
some of his machines built in England. As 
shown in Fig. 12, the bars have a very nar- 
row nick in each end, one side of which is 
axially straight and the other slightly 
beveled, placing it in the class with internal- 
bevel bars, though there is no overhang to 
speak of. Another feature peculiar to this 
design is a hub extension of the nut, on 
which the clamping collar is fitted, the ob- 
ject of this arrangement being to avoid any 
liability to spoil the threads on the sleeve by 
forcing the clamping collar over them; a 
compensating disadvantage entailed by this 
construction is an increased tendency to 
twist the collar in setting up the nut, and 
thereby twist the commutator segments out 
of parallelism with the shaft. 

A very simple commutator made by 
Stuckey & Heck for electro-plating ma- 
chines is shown by Fig. 13; it is for a six- 
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pole machine with a single coil on the arma- 
ture—a very small machine—and is com- 
posed of two disks, or heads, each having 
three fingers extending parallel with the 
shaft and nea — the circumfer- 
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ence of the disk. Each disk has a hole in 
the center, bushed with mica, and the two 
are slipped on the shaft with the fingers in- 
termeshing, electrical contact between the 
fingers of opposite disks being prevented by 
mica strips, as between ordinary commuta- 
tor segments. The disks are forced together 
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by a nut on the shaft, which also secures 
them to the shaft itself; a shoulder on the 
shaft behind the commutator holds it against 
the pressure of the nut. 

Fig. 14 shows a method of clamping used 
on some of the General Electric Company’s 
medium-sized commutators. Instead of 
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forcing the beveled clamping collar in place 
by means of a nut, it is pulled home by bolts 
which pass through the head of the shell and 
tap into the collar. The overhang of the 
comthutator bar flares slightly, andthe face 
of the head and that of the collar are tapered 
to fit the flare, mica rings being interposed 
to prevent cross-circuiting. The collar is 
splined ott the sleeve to obviate a possible 
twisting moveinent, and the sleeve is keyed 
to the shaft. 

Another form of bolted commutator is that 
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of the Triumph Electric Company, shown 
by Fig. 15. In this case, however, the diam- 
eter of the commutator is so large that the 
bolts do not need to go the full length of the 
shell, but pass through the clamping ring and 
tap into the near side of the shell. Internally- 
beveled segments are used, insulated on the 
inner face bevels and under the overhangs 
by pure mica without shellac. 

A still different form of bolted construction 
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is used by the Siemens & Halske Electric 
Company, of America, and shown by Fig. 
16. This commutator is also provided with 
segments which are removable individually 
and without disturbing the armature connec- 
tions. Permanent segments of brass, indi- 
cated by the shaded portion of the drawing, 
are provided for receiving the connecting 
wires from the armature; removable copper 
segments, beveled externally, are seated on 
the brass segments and held in place by bev- 
eled blocks faced with mica strips and bolted 
to the shell by cap screws set radially. The 
brass segments are beveled externally at the 
back end and insulated underneath and on 
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the bevel in the usual manner; the pressure 
of the beveled blocks on the front bevel of 
the copper segments holds both in place. 
The shell is secured to the shaft by keys, and 
prevented from sliding by the long set-screw 
near theextreme right hand end in the sketch. 

With the advent of multipolar generators 
direct connected to the engines came arma- 
tures of large diameter and many coils, neces- 
sitating commutators of correspondingly 
large diameter and many segments. The 
sleeve form of shell, which is unexcelled for 
moderate diameters, was mechanically 
clumsy and was speedily superseded by the 
spider frame, now universally used. A com- 
mutator of that kind is shown by Fig. 17; it 
consists simply of the old sleeve-and-head 
shell, enlarged in diameter and cast in one 
piece with radial arms extending inwardly to 
a hub keyed to the shaft, forming a sort of 
pulley with a beveled flange on one edge. 


z 
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FIG. 17. 


The clamping collar becomes a ring and is 


drawn on by bolts, as in the case of the com- | 


mutator shown by Fig. 14, except that the 
bolts pass through the clamping ring and tap 
into the head or flange of the shell. Inter- 
nally-beveled segments of hard-drawn cop- 
per are used; the insulation is of solid mica. 
Strip connectors are used between the seg- 
ments and the armature conductors. This 
construction is used by the Walker Company 


FIG. 18. 


on large direct-connected railway generators. 

An almost identical construction 1s one em- 
ployed by the Ft. Wayne Electric Corpora- 
tion, shown by Fig. 18. The only mechani- 
cal difference is in the use of tie rods with a 
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nut at each end, instead of bolts tapped into 
the shell, to draw up the clamping ring. 
The segments are beveled externally and 
have radial connecting strips riveted on, the 
bar being grooved on the side to receive the 
strip. The detail in the corner of the draw- 
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FIG. 19. 


ing shows the method of attaching the wires. 
This commutator is used on the Wood arc- 
light dynamos of sixty lights and upward, 
excepting the 125-lighter. 

A somewhat similar arrangement is the 
General Electric Company’s commutator 
shown by Fig. 19. Instead of casting a flange 
on one edge of the spider, however, clamp- 
ing blocks are used at each end of the seg- 
ment; these blocks are curved to conform to 
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FIG, 20. 


the circumference of the commutator, and 
when in position form virtually two clamp- 
ing rings similar to those commonly used. 
Dividing the clamping rings into segments 
permits one section of the commutator sur- 
face to be renewed or re-insulated without 
disturbing the remainder of the bars, which 
is of great importance when the number of 
segments runs up into the hundreds. 

Fig 20 showsthe Thompson-Ryan method 
of mounting a commutator. A cylindrical 
extension of the armature spider serves to 
carry the shell, which is of the familiar 
sleeve-and-head type, much enlarged as to 
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diameters. The clamping collar is unusually 
heavy axially between the segment and the 
sleeve, and is secured in place by nuts on 
studs which are permanently set into the 
back head and protrude through holes in 
the clamping collar; a jam nut is added. 
The segment is of the internal-bevel type, 
insulated on the bottom, bevel and over- 
hang. Strip connectors lead from the arma- 
ture to the commutator. 

The commutator of the 125-light Wood arc 
machine is shown by Fig. 21. It is mounted 
on a hub projecting from the armature spider 
in a manner somewhat similar to that em- 
ployed by the builders of the Thompson- 
Ryan dynamo. The clamping ring is se- 
cured in place by means of tie rods passing 
through the ring and the head, with a nut 
on each end. The segment is hollowed out 
on the surface, between the brush surface 
and the point where the connecting strip is 
riveted on, and beveled externally. The 
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armature wires are attached to the outer 
ends of the connecting strips by means of 
screws. 

Out of the beaten track entirely is the 
radial commutator used on some direct-con- 
nected lighting generators of the General 
Electric Company. One of the rings that 
clamp the armature disks together is ma- 
chined so as to leave a lip corresponding to 
the beveled head of the ordinary shell; the 
segments are of the internal-bevel type with 
unusually long overhang. They are drawn 
together radially by curved clamping blocks 
bolted to the armature check plate by cap 
screws, as shown in Fig. 22. The segments 
taper from end to end instead of edge to 
edge. Asin the case of the General Elec- 
tric railway generator commutator (Fig. 19), 
part of the segments may be removed with- 
out disturbing the rest. No connectors are 
used; the armature coils have one turn each, 
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and the ends go directly to the commutator 
segments. 

The designs shown by the accompanying 
cuts include all types of commutators in ex- 
tensive use to-day; there are a few eccentric 
forms in use here and there to a limited ex- 
tent, but modern practice does not recognize 
any essential variations from those here 
illustrated. All makers use copper of the 
best quality, drop-forged, hard-drawn or 
tempered (so-called); the shells are made 
sometimes of brass, but generally of iron; 
the insulation used by reliable makers is in- 
variably mica in one form or another. The 
method of ean ae connection „petween seg- 
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ments and armature winding still remains a 
bugbear and is the subject of a vast deal of 


thought and experiment. 
—— c 


Electrical Copper and Silver Refining. 


One of the largest single shipments of elec- 


trical apparatus ever made was recently sent 
by the Westinghouse Electric & Manufactur- 
ing Company to Great Falls, Mont. The ship- 
ment filled eight freight cars, and the freight 
of the cargo to its destination amounts to 
fSooo. The machinery will be used by the 
Boston & Montana Consolidated Copper & 
Silver Mining Company in the refining of 
copper and silver, and is the largest ma- 
chinery of its kind ever constructed for elec- 
trical refining purposes. The Boston & 
Montana Company is one of the largest cop- 
per mining concerns in the Northwest. 

Until a few years ago the copper produced 
in that country was not refined, but the cop- 
per matt was sent East,some of it to England, 
and there refined. Since the introduction 
of electricity into the refining process, the 
companies are in a position to compete with 
the East. The Anaconda Mining Company 
purchased from Westinghouse some time 
ago seven 360-HP generators, of an output of 
3600 amperes each at seventy-five volts. 
Since those machines have been in operation 
the electrical process of refining has proved 
a great success. The machinery of the Bos- 
ton Company will be driven by turbines from 
the waters of Great Falls. 

The generators will be directly connected 
to turbines, of which there are two, the 
largest ever made, each one being of r100 
HP, at an output of 4500 amperes and 180 
volts. These machines are shipped in four 
freight cars, while the other four are filled 
with the detail apparatus, such as switch- 
board appliances, etc. 
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RONTGEN RAY TUBES. 


BY ELIHU THOMSON. 
I have read the article entitled ‘‘ A ROnt- 


gen Ray Outfit—II” in the AMERICAN 


ELECTRICIAN for June, and also the article 
by Mr. Herbert B. Shallenberger in the same 
issue, and find that there are a few state- 
ments in the former article which I might 
criticise. Thus, in the second paragraph, in 
referring to the thickness of the glass of the 
Crookes tube, it is stated that thick glass 


used in Crookes tubes heats to avery high 


temperature, and that if the tube is forced it 
frequently gets red-hot under the influence 
of the discharge. I think this statement, 
made without qualification, is not exact, as 
it is a fact that Crookes tubes made of thick 
glass, if the glassis not bombarded by the 
cathode rays, are not particularly different 
in temperature from those made of thin 


FIG. I. 


glass. The statement probably applies only 
to those parts of the glass of the Crookes 
tube which are bombarded by cathode rays, 
and which, when thick, retain and distribute 
the heat, and, of course, thick glass in all 
cases is more apt to crack by changes of 
temperature than thin glass. 

At the present time it is not necessary to 
make a statement in regard to the fluorescence 
of the glass as having anything to do with 
the evolution of Röntgen rays, since it is 
now well known that the glass of the tube 
when not bombarded by the cathode rays has 
only the effect of acting as a more or less trans- 
parent shield or absorbent for ROntgen rays; 
and that lead glass is more absorbent than 
crown, or what is known as German glass. 
Further, substances which do not fluoresce 
are efficient sources of rays. 

The statements in the third paragraph 
with regard to the size of the tube being an 
important feature are, I think, at this time 
out of date, as it is known that sharpness of 


detail is not dependent on the size of the 
tube, but rather on the size of the spot 
which is bombarded and which becomes the 
source of the rays. The statements as to the 
size of the tube in relation to detail are evi- 
dently based on the mistaken notion that 
the whole glass of the tube is the source of 
the rays. If the bombarded spot in the tube 
is very small, whether the tube itself be 
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large or small, the delineation obtained will 
be sharp. I must take exception, also, to 
the statements in regard to the so-called 


“ perfect vacuum tubes.” With such tubes 
it is almost impossible to produce a discharge 
if the exhaustion is as thorough as indicated, 
and if Rontgen rays are produced from such 
tubes it is because they are imperfect ‘‘ per- 
fect vacuum tubes.’’ It is not at all true 
that a tube which has the property of forcing 
discharges to pass over its exterior has also 
the property of generating Rontgen rays. 
Neither does it follow that because the tube 
has such a perfect vacuum, or is a small 
tube, that the Rontgen shadows will be 
sharp, as that depends entirely on the extent 
of bombarded surface; that is, the total size 
of the spot emitting the Rontyen rays. 


FIG. 4. 


I notice that in speaking of the work of 
Mr. Herbert Shallenberger, in the fifth para- 
graph, he is credited with a perfection of 
work which owes its success to the use of 
Crookes tubes of the type of Fig. 1. I would 
say that in my own experience the first 
Crookes tube which I employed was exactly 
like the tube, Fig. ¥, and the first Röntgen 
pictures obtained were as sharp as any that 
I have seen since. The work with this tube 
was begun by nie immediately after the pub- 
lication of Professor ROntgen’s discovery, 
and I have no doubt that others have used 
similar tubes with equally good results, but 
_ have said little about it. 

It is a surprise to me that some experimen- 
ters still adhere to the use of tubes in which 


FIG. 5. 


the glass itself is bombarded and in which 
the glass becomes the source of Rontgen 
rays. It is, therefore, a surprise to me that 
tubes such as are exhibited in Figs. 4, 5 and 
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6 are used at all now, in view of the fact that 
it is known that platinum is so much more 
active than glass, and that by properly shap- 
ing the cathodes the focusing of the rays is 
a comparatively simple thing to attain. 

In regard to the forms of tube, Figs. 2and 
3, I would say that the form, Fig. 3, which 
has been proposed by Mr. A. A. C. Swinton 
was suggested by me before I had arrived at 
the form, Fig. 2. I had directed that form 3 
be made, but at once realized the difficulty, 
and almost impossibility, of getting the two 
cathode foci to coincide on the bombarded 
platinum, since the cathodes are brought 
into the bulb at angles, and it would depend 
entirely on the judgment of the glass blower 
whether their foci were coincident, or 
whether they covered the same spot on the 
bombarded platinum anode. I, therefore, 
soon discarded the arrangement of Fig. 3, 
and adopted the arrangement, Fig. 2, a de- 
scription of which was published some 
time ago, because it was more simple to 
make as a glass-blowing operation, the 
cathodes were more easily brought to proper 
position, because they faced each other and 
were in line, and the distance of the cathode 


FIG. 6. 


terminals could be made as great as desired. 
I think that, asa matter of fact, the forms 
of tube which are likely to survive are tubes 
that are substantially like Fig. 1 or Fig. 7, 
and such tubes as Fig. 2, which may be 
called universal tubes because they are cap- 
able of being used with any character of 
source of electric discharge giving the re- 
quisite potential. 

I entirely agree with Mr. Shallenberger 
that the form of tube, Fig. 1, which was the 
first form with which I worked, is an excel- 


lent form of single focus tube, particularly 
if the platinum be made the anode, but, of 
course, it is not adaptable to the use of al- 
ternating discharges such as are obtained 
with high frequency apparatus. 


The Kelvin. 


A higher official of the British Board of 
Trade in referring at a recent meeting 
of an electrical association to the name 
“ Board of Trade Unit,” stated that it was to 
have been called the Kelvin. Lord Kelvin 
objected, however, for the reason that he 
was soon to put a wattmeter on the market 
and therefore the use of his namie would not 
be advisable. Why not call the unit by its real 
name—kilowatt-hour—as in this country? 
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The sixth annual convention of the Can- 
adian Electrical Association, held at Toron- 
to, Ont., June 17, 18 and 19, wasa success- 
ful one notwithstanding a somewhat smaller 
attendance than usual. Mr. John Gule, of 
Guelph, was elected president for the ensu- 
ing year, Mr. L. B. Macfarlane, of Montreal, 
first vice-president and Mr. Carl Breithaupt, 
of Berlin, second vice-president. Mr. C. H. 
Mortimer, editor of the Canadian Electst- 
cal News, was re-elected secretary. 

The inevitable paper on ‘‘ Acetylene Gas” 
was on the programme, Mr. Chas. Black 
being the author. The familiar chemical 
equations and partial estimates of cost of- 
fered as total cost, with electrical energy 
figured at lower rates than it can be pur- 
chased at Niagara in quantities of thousands 
of horse power, of course, appear. The dis- 
cussion brought out the fact that the author 
of the paper is interested commercially in 
acetylene gas, and the opinion was expressed 
in discussion of the paper that the figures 
given were entirely too optimistic. 

In a paper on ‘‘ Power Transmission by 
Polyphased E. M. Fs., Mr. Geo. White- 
Frazer sketched the principles of polyphased 
currents and apparatus. The subject of loss 
in lines is considered and shown to be en- 
tirely dependent on commercial considera- 
tions. If there is a demand for power at a 
high figure and the source of power is lim- 
ited, the line loss should be small; if, on the 
other hand, the supply is large and the de- 
mand limited or the price low, it may be 
best to choose a large line loss, in order to 
reduce the copper outlay. In addition, in 
the latter case motors should be chosen hav- 
ing the best efficiency at average load rather 
than at maximum load. 

A paper by Mr. Jas. Milne describes vari- 
ous forms of electric light meters, but its 
main object seems to be the defense of the 
Edison electrolytic meter, which appears to 
have been practically condemned by the 
Canadian Government. The following ad- 
vantages are advanced for the Edison meter: 

1. Practically no loss; 2. No moving parts; 
3. Absolutely correct at all loads; 4. Will 
record the smallest possible amount of cur- 
rent; 5. It is applicable to any pressure; 6. 
Low first cost; 7. Low cost of maintenance; 8. 
Readily repaired. ‘‘ The only disadvantage 
(if any) is that the consumer can’t read it 
for himself.” 

On the other hand, motor meters are al- 
lowed only one advantage—that the con- 
sumer can read them—and the following dis- 
advantages are enumerated: 

I. Loss in overcoming friction in the 
moving parts; 2. Incorrect at light loads; 3. 
Incorrect at quickly varying loads; 4. First 
cost high; 5. Cost of maintenance high; 6. 
Not readily repaired. 

The conclusion of the author is that asa 
practical meter the Edison chemical type is 
superior to all others in every point except 
one—that the consumer cannot read it. 

A paper on ‘Operating Engines Without a 
Natural Supply of Condensing Water, or the 
Continuous Use of Injection Water,” by 
Mr. E. J. Philip, described the Barnard 
tower water-cooling system, illustrated here- 
with, The tower is filled with wire netting 
relled up loosely and set on end. At the 
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bottom is a settling chamber; above this is 
a heavy grating, under which the fan dis- 
charges the air for cooling; on the grating 
are placed the wire rolls, which are continued 
up as far as the material will support it- 
self, breaking joint so as to break up the 
streams of water. The sides of the tower ex- 
tend above the filling of wire netting in order 
to allow the particles of water to settle out 
of the air current, thus preventing spray 
from flying from the top, and also any water 
from being wasted. As will be seen, hot 
condensed water enters the top of the tank, 
where it is sprayed over the netting and 
cooled in its descent by a fan draught from 
the blower shown on the left. About fifty 
square feet of cooling surface is required per 
horse power or 4.8 cu. ft. of tower. 
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BARNARD WATER COOLING SYSTEM. 


The most important paper read at the 
meeting was on ‘‘Some Central Station 
Economies’’ by P. G. Gossler, giving an ac- 
count of the reconstruction of a large central 
station system. The location of the station 
is not named in the paper, but indications it 
conveys seem to point to a certain station in 
New York City. The enormous importance 
of the transformer question is dwelt upon; 
in the present case 187 old transformers re- 
placed by new ones of high efficiency will 
entail a yearly saving in coal alone of $25.58 
each, the average cost of the change, credit- 
ing the old transformers as scrap, being $65.00. 
When all of the old type of transformers 
have been replaced and groups of smaller 
ones replaced by a single large transformer, 
the saving in current will be equivalent to 
that used by 1000 16-cP incandescent lamps, 
60,000 lamps now being served from the 
station. Much stress is laid upon the neces- 
sity of good regulation; it is stated that a 
daily rise in voltage of turee to four per 
cent. will reduce the life of an incandescent 
lamp about one-half. 

In a paper on ‘‘ The Outlook for the Elec- 
tric Railway,” Mr. F. C. Armstrong made the 
prediction—without, however, giving any 
sufficient grounds—that present members 
of the Canadian Electrical Association will 
see electricity supersede the steam locomo- 
tive in the operation of the Canadian Pacific 
and Grand Trunk Railway systems. i 
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LORD KELVIN. 


Prof. Hospitalier in Z'/ndustrie Electrique 
pays a tribute of admiration to Lord Kelvin 
upon the occasion of the Glasgow jubilee, 
held to celebrate the fiftieth year of his occu- 
pancy of the chair of Natural Philosophy at 
the University of Glasgow. 

To few, it is remarked, is reserved ‘‘the 
honor of entering living into immortality,” 
and among this small number there figures 
in the first rank the illustrious savant just 
féted at Glasgow. All of the learned bodies 
of the entire world were represented during 
the celebration, in almost every instance 
one or more of their most illustrious mem- 
bers attending to render homage in person. 

Born at Glasgow June 25, 1824, young 
Thomson, at the age of eleven years began 
his studies at the University of Glasgow, 
where his father, James Thomson, son ofa 
Scotch-Irish tenant farmer, occupied the 
chair of Mathematics. He terminated his 
studies at St. Peter’s College, Cambridge, 
and published his first paper on original 
mathematical research, at the age of eight- 
een. When twenty-two years old he was 
called to the chair of Natural Philosophy at 
the University of Glasgow, which he has 
ever since occupied, notwithstanding tempt- 
ing offers made from time to time by other 
universities of Great Britain. The previous 
year the young scientist had spent in the 
laboratory of Regnault in France, where he 
doubtless acquired that facility for exact ex- 
perimentation which has been one of the 
prominent characteristics of his work. 

Pages would be required to simply enu- 
merate the titles of Kelvin’s scientific papers, 
and the scientific instruments and indus- 
trial apparatus, due to his inventive genius. 
As examples, three branches of applied 
science are chosen which owe most to him— 
submarine telegraphy, navigation and elec- 
trical measurements. 

It can be said without exaggeration that 
submarine telegraphy is the entire work of 
Lord Kelvin. It was in 1855 that he pre- 
sented his paper on the mathematical theory 
of the speed of transmission of signals 
through submarine cables to the Royal So- 
ciety, and in 1857 Prof. Thomson invented 
the mirror galvanometer employed in lay- 
ing the first Atlantic cable in 1859. A year 
after the laying of the 1866 cable, Sir William 
Thomson (knighted the same year) took out 
his first patent on the siphon recorder, which 
he perfected during the next three years. It 
is this instrument which is exclusively em- 
ployed to-day in cable telegraphy, through 
short or long lines, and with or without the 
aid of a later automatic attachment, the 
“curb sender,” which extends its speed. 

The services rendered to navigation are not 
less important. To Lord Kelvin is due the 
complete theory of the variation of the com- 
pass and the means of correcting the same; 
a ship's compass which is in use to-day in all 
the warships and merchantmen of the world 
with the exception of U. S. Naval vessels; 
and marine sounders, both for sounding in 
shallow water and for deep sea work—with- 
out speaking of a large number of inventions 
less important, but not less useful. 

The measuring instruments invented by 
Lord Kelvin are innumerable; the quadrant 
and absolute electrometer, industrial electro- 
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meters, electro-dynamometers, continuous 
and alternating current wattmeters—from in- 
struments of the highest precision to simple 
indicators—and everywhere used throughout 
the world in scientific and industrial labora- 
tories and electric generating stations. 

The characteristic of the work of Lord 
Kelvin is that, always, theoretical specula- 
tions the most elevated or mathematical cal- 
culations the miost abstract, have led to the 
production of apparatus of a marvelous 
simplicity, of which each has marked the 
beginning of an important industrial advance, 
sometimes even resulting in a direct human 
benefit. 


Prof. Hospitalier, in conclusion, says that 
“Impartial history will always preserve re- 
miembrance of the scientific conquests of ’a 
Newton, of an Ampere, of a Faraday and of 
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a Lord Kelvin, when the greatest conquests 
of war will have been forgotten. Aside from 
truth, all is vanity. Happy are those who 
pass their lives in seeking truth and succeed 
as has Lord Kelvin!” 

During the jubilee ceremonies, which took 
place Tuesday, June 16, in giving thanks for 
the honors showered upon him, Lord Kelvin 
mentioned among others the students to 
whom he lectured at Johns Hopkins Univer- 
sity, whom he called ‘‘ My twenty Baltimore 
coefficients of 1884,” and then continued as 
follows: 

‘“ The term coefficient is abused by mathe- 
maticians. They use it for one of the two 
factors of the result. To me the professor 
and his class of students are coefficient fel- 
low-workers, each contributing to whatever 
can possibly be done by their daily meetings 
together. I dislike the term lecturer applied 
here. I prefer the French expression— 
“conference.” I feel that every meeting of 
a professor with his students is rather a con- 
ference than a pumping in of doctrine from 
the professor, perhaps ill understood and not 


well received by his students. The Scottish - 


universities have enabled us to carry out this 
French idea of conference. I think in every 
one of his classes the professor is accustomed 
to speak to his student, sometimes in the form 
of viva voce examination, and oftener, I 
hope, in the manner of interchange of 
thoughts, the professor discovering whether 
or not the student is following his lecture, 
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and the student pointing out his own view 
on the subject, and helping the professor 
through his treatment of the subject. I have 
had addresses also from my old Japanese 
students of Glasgow University, now pro- 
fessors in the University of Tokio, or occu- 
pying posts in the Civil Service and Engineer- 
ing Service of Japan. I wish particularly to 
thank my Baltimore coefficients for their ad- 
dress. They have been useful to myself in 
my own keen endeavor—unsuccessful, I 
must say—nevertheless keen—to find out 
something about—to know something about 
—light and ether and crystals. The ad- 
dresses which I have received to-day contain 
liberal and friendly appreciation of all my 
published mathematical and physical papers, 
beginning in 1840, and ending—not yet, I 
hope. The small proportion of that long 
series of writings which has led to some 
definite advancement of science is amply 
credited for its results. The larger part, for 
which so much cannot be said, is treated 
with unfailing and sympathetic kindness as 
a record of persevering endeavor to see be- 
low the surface of matter. It has been 
carried on in the faith that the time is to 
come when much that is now dark in physi- 
cal science shall be seen bright and clear, if 
not by ourselves, by our successors in the 
work. I am much gratified by the generous 
manner in which these addresses have re- 
ferred to the practical applications of science 
in my work for submarine telegraphy; my 
contributions to the advancement of theoret- 
ical and practical knowledge of the tides; my 
improvements in the oldest and next oldest 
scientific aids to navigation, the sounding 
plummet and the mariner’s compass, and 
my electric measuring instruments for scien- 
tific laboratories, for the observation of at- 
mospheric electricity and for electrical en- 
gineering.” 

At a banquet later in the day Lord Kelvin 
referred to his life work as follows: 

‘When I think how infinitely little is ail 
that I have done I cannot feel pride; I only 
see the great kindness of my scientific com- 
rades, and of all my friends, in crediting me 
for so much. One word characterizes the 
most strenuous of the efforts for the advance- 
ment of science that I have made persever- 
ingly during fifty-five years; that word is 
failure. I know no more of electric and mag- 
netic force or of the relation between ether, 
electricity, and ponderable matter, or chemi- 
cal affinity, than I knew and tried to teach 
to my students of natural philosophy fifty 
years ago in my first session as professor. 
Something of sadness must come of failure; 
but in the pursuit of science, inborn neces- 
sity to make the effort brings with it much 
of the certaminis gaudia, and saves the natur- 
alist from being wholly miserable, perhaps, 
even allows him to be fairly happy, in his 
daily work. And what splendid compensa- 
tions for philosophical failures we have had 
in the admirable discoveries by observation 
and experiment on the properties of matter, 
and in the exquisitely beneficent applications 
of science to the use of mankind with which 
these fifty years have so abounded! To live 
among friends is the primary essential of 
happiness; and that, my memory tells me, 
we inhabitants of the University have en- 
joyed since I first came to live in it in 1832, 
sixty-four years ago,” 
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Recently considerable attention has been 
given in Europe to the subject of 220-volt 
lamps, which have commenced to enter into 
some use there. At a meeting last month 
in England of an association composed of 
the electrical engineers of municipal plants, 
a paper by one of the members was read in 
which the various advantages and disadvan- 
tages of high voltage lamps were considered, 
and the conclusions arrived at, that the 22o- 
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FIG. I.—EDISON-SWAN 220-VOLT LAMP, 
(FULL SIZE). 


volt lamp will soon be recognized as the 
most useful advance made in electric light- 
ing for some time, that it is now on the 
market, has been tested and found satisfac- 
tory in several towns, and is here ‘‘ to stay,” 

Among the advantages pointed out are 
that with 220-volt lamps installed on existing 
mains can supply twice as many customers, 
at the same time reducing the drop and loss 
by one half; variations and fluctuations due 
to the switching on or off motors or large 
groups of lamps, or carelessness in switch- 
ing dynamos in or out at the station, are 
correspondingly all reduced by at least one 
half; and new customers can be supplied at a 
much greater distance from the station. 

Mr. Barnard, the author of the paper, 
States that the best 220-volt lamps now on 
the market take 3% watts per candle power, 
or 40 per cent. more energy for the same 
amount of light than the most efficient 110- 
volt lamp now used, which takes 2% watts. 
He adds, however, that while he has never 
heard a complaint from his customers in re- 
gard to 220-volt lamps, the contrary is the 
case with 2% watt, 110-volt lamps, most 
stations, in fact, preferring to use 3 to 3%- 
watt lamps. Besides, there will be no diffi- 
culty in obtaining 234 watt, 220-volt lamps 
in 16 and 32 cp, and, owing to the less fluc- 
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tuation, they will be more reliable than the 
lamp of smaller voltage. 

As to the extension of lighting territory 
made possible by the high-voltage lamps, 
Mr. Barnard believes that a district 2 miles 
square may be efficiently served from a sta- 
tion or sub-station. At Bradford a station 
being erected is designed to supply to a dis- 
tance of 144 miles over an area of g square 
miles, using the three-wire system and 230- 
volt lamps. A total area of 17 square miles 
will be supplied from the same station by 
means of dynamotors. 

In answer to the question, How will the 
higher pressure affect the wiring and fittings 
on consumers’ premises? Mr. Barnard thinks 
there is nothing to fear on the score of in- 
creased fire risk, the reduction in current, 
he believes, quite balancing the double volt- 
age. With attention to the details of fit- 
tings, such as fuses, switches, cut-outs, etc., 
wiring at 220-volts will be just as cheap and 
rather safer than at half that pressure. Cer- 
tain little American switches used by him at 
Hull, and which get perceptibly warm with a 
32 CP, I10-volt lamp, will keep quite cool 
and work with less sparking on a 220-volt 
lamp of the same candle power. 

Fuses appear to act more suddenly and 
certainly at 220 than at 110 volts. A badly 
soldered joint is far less likely to cause 
trouble under the new conditions, as the 


FIG. 2.—SUNBEAM 220-VOLT LAMP. 
(FULL SIZE). 


heating would be less and the loss of voltage 
at the joint also smaller proportionately. 
With the higher voltage, Mr. Barnard con- 
siders single pole fuses better than double 
pole ones, and that moisture condensed on 
fuse bases is more likely to cause leakage. 
The types of 220-volt lamps shown by 
the accompanying illustrations (which we 
reproduce from our English contempor- 
ary, Lightning), were all tested by Mr. 
Barnard. Some makers have brought out an 
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ingenious fitting which enables 11o-volt 
lamps to be used two in series on a 220-volt 
circuit. While Mr. Barnard thinks this a 
neat method of getting over some objections 
to 220-volt lamps, particularly with respect 
to 8-cp lamps, he considers it hardly 
adapted for universal use, as the two lamps 
will not go into many of the glass shades, 
etc., in use, and many people will consider 
that their appearance is not nearly so æs- 
thetic as that of the single bulb. Other 
makers have put the two filaments into one 
bulb, and coupled them together, either in- 
side the bulb or just outside the neck in the 
plaster cap. Several firms have, however, 
boldly grappled with the question, and have 
succeeded in making single-filament lamps 
having bulbs little or no larger than those 
commonly in use, and these seem to indi- 
cate the lamp that will shortly be commonly 
adopted. 

As might naturally be expected, Mr. Barn- 
ard added, the lamps with single filaments 
have hardly reached the stage of durability 
and efficiency that the double-filament lamps 
have attained. For all that, however, most 
excellent results have been obtained from 
some individual lamps of this type, and 
equally poor results with samples of double- 
filament lamps. On this question Mr. Gib- 
bings, the borough electrical engineer of 
Bradford—where double-filament lamps are 
mostly in use—wrote as follows: ‘‘ The 230- 
volt lamps are very much appreciated by our 
consumers; in fact, we are continually being 
pressed by those we have not changed over 
to do so, and we find that the life of these 
lamps comes out, if anything, better than 
the ordinary 115-volt 
lamps.” While Mr. 
Barnard considers that 
such favorable and 


FIG. 3.—CRUTO 220-VOLT 
LAMP, (34 SIZE). 


positive testimony as this is rather surpris- 
ing, the secret is to be found in the steadier 
and more even pressure supplied, rather than 
in the better quality of the lamps. In either 
case, it is most satisfactory and encouraging, 
and, he thinks, should help to convince any 
who doubt the possibility of a commercially 
good 220-volt lamp being made that, at any 
rate, it is quite possible to equal the results 
from the 110-volt lamp. 

In the lamps under Mr. Barnard’s own 
observation, the average life is quite equal 
to that of the best makes of 110-volt lamps. 
With the exception of one maker’s samples, 
the candle power has been maintained 
longer, and there has been less blackening 
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of the glass. Several lamps fail through 
short circuits occurring in the cap, but this 
fault also is absent from the lamps of several 
makers. Other lamps have failed through 
the long filament touching the glass whilst 
hot, and so cracking it and admitting air; 
and especially has this been the case when 


FIG. §.—FULLER 220-VOLT LAMP. 


(% SIZE). 


these lamps have been run in any position 
other than vertical. 

In the discussion which followed the con- 
clusion of the paper, the engineer of the 
Manchester plant stated that it was not a 
question of what was going to happen with 
the higher voltage, because in Manchester 
they had had it in practical operation, and 
with no trouble whatever. He pointed out 
that the statement as to the old fittings be- 


4.—STEARN 220-VOLT LAMP. 
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ing equally suitable to the higher voltage is 
a fallacy, and exhibited some specimens 
showing the brass and copper run together 
in one mass and the porcelain smashed in 
every case. 

The representative of an incandescent 
lamp company stated that if the filaments 
were perfectly made, 8-cP 200-volt lamps 
would have as long a life as roo-volt lamps. 
Naturally, however, if the size of the fila- 
ment is decreased, it must have mechanical 
support. 

The engineer of the Bradford plant stated 
that he had 385 consutners using high-volt- 
age lamps and they never made any com- 
plaints. 
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NOTES. 


Political Candidates in Electrical Affairs.— Hon. 
Garret A. Hobart, Republican nominee for 
vice-president, has taken much interest in 
electrical affairs, and is now president of 
Paterson (N. J.) Electric Railway Company 
and a director of the Paterson Edison Illum- 
inating Company. Comptroller Roberts, of 
New York State, a prominent candidate for 
the New York governorship, is also largely 
interested in electrical enterprises. 
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Spectro.Photometry.—Our enterprising con- 
temporary, the Progressive Age, is interest- 
ing the gas industry in the study of spectro- 
photometry, or the analysis of light to de- 
termine the relative extent in which the sev- 
eral colors of the spectrum enter. In order 
to further this object, a set of apparatus is 
furnished at a low price—$6.00—to those who 
will take up the subject. Perhaps some of 
the users of the Welsbach light may be dis- 
agreeably surprised at the indications of the 
spectro-photometer. 


The Northwestern Eiectrical Association.—The 
summer meeting of the Northwestern Elec. 
trical Association will be held at Marinette, 
Wis., July 15, 16and 17. Following is a list 
of the papers to be read, abstracts of which 
will appear in our August issue: ‘‘ Rights of 
Electrical Companies,’’ by W. Clyde Jones; 
“The Insurance of Electrical Plants," by 
R. H. Pierce; ‘‘Insurance,’’ by C. C. Paige; 
“ Alternating Current Motors,” by Prof. D. 
C. Jackson; ‘‘ Lightning Arresters,’’ by W. 
R. Garton; ‘‘ The New York Convention and 
Exposition,’’ by T. R. Mercein. 


A Great Engineer Honored.—Commodore 
George W. Melville, engineer-in-chief of 
the United States Navy, has received the de- 
gree of Doctor of Engineering from Stevens 
Institute. But once before in the history of 


= Stevens Institute has this degree been con- 


ferred, Prof. R. H. Thurston, director of 
Libby College, Cornell University, having 
been the recipient of the honor some years 
ago. During Commodore Melville’s admin- 
istration of the Naval Bureau of Steam En- 
gineering, he has directed the design of all 
of the machinery of the new navy, the suc- 
cess of which has placed the United States 
easily ahead of the rest of the world in 
marine engineering. 


Automatischespiegelglassplattenblitzschutzvor- 
richtung.— The little device thus designated, 
says the Electrical World, and referred to 
quite innocently by a German contemporary, 
is, as its name clearly indicates (when read 
backwards), simply an apparatusforprotect- 
ingagainstlightningconsistingofplatesofmirr- 
orglassactingautomatically, or as we would 
say more briefly in this country, where 
time is money, a form of “cut-out.” It 
is to protect circuits against lightning, and 
although its name describes it in detail, the 
description is not full enough. A narrow 
strip of silvered glass is scratched on the 
the metal side with numerous transverse 
lines (called in German, Zwischenraum- 
breiten) their number depending on the 
voltage or the circuit. One end of this strip 
is connected to the line and the other to the 
earth. The atmospheric electricity will 
pass over the scratches, but the dynamo cur- 
rent will not follow. Although simple, 


JuLy, 1896.] 


cheap and effective, its name is a fatal ob- 
9 
jection in this country. 


Stil Room!-—-Our English contemporary, 
the Alectrical Review, comments as follows 
on an accident to a Brooklyn trolley car 
some time ago: ‘We have seen it stated some- 
where that there is always room for one 
more on a U. §. trolley car. That certainly 
seems to have been the case with a Brooklyn 
electric car a few weeks ago, for 132 passen- 
gers was not a sufficient load for the ambi- 
tious conductor. Perhaps he was trying his 
hand at record-breaking, for he admitted yet 
another, thus making a grand total of 133; 
and it is to be supposed that had not Provi- 
dence intervened, he might have added 
further toit. But it was ordered otherwise, 
for this well-laden car ran backward downa 
hill for a third of a mile, killing a boy, fa- 
tally injuring a woman, seriously injuring 
six other passengers, and slightly injuring 
Nearly two dozen others. It is not an nn- 
common occurrence for the police in this 
country to stop an overloaded car, make the 
standing passengers withdraw, and summons 
the conductor. Not so in America it seems. 
Oh, what a happy place is Brooklyn!” 


College Publications.—The periodical litera- 
ture of engineering courses at colleges has 
in recent years formed a valuable addition to 
the technical press. Owing to the policy of 
encouraging original research now prevail- 
ing in most engineering schools, the posses- 
sion of well equipped laboratories, the ab- 
sence of commercial hindrances,and the guid- 
ance of able instructors in experimental work, 
these publications have assumed a technical 
value of no mean order. As an example, the 
initial number of the Wisconsin Engineer, a 
goodly sized quarterly issued from the Uni- 
versity of Wisconsin, contains fourteen ar- 
ticles on various engineering subjects, every 
one of which would repay reading by the 
practising engineer. Electrical engineering 
is represented by four articles—‘ Storage 
Batteries for Railway Power Stations’’ by 
W. H. Williams; -‘Subways for Electric 
Wires ” by W. C. Burton; ‘‘ Two Wattmeter 
- Methods for Tri-phased Circuits” by B. D. 
Frankenfeld; and ‘‘A New Method of Measur- 
ing Current Variations in Telephone Trans- 
mitters’’ by Arthur H. Ford. 


The New York Telephone Company. A com- 
pany was recently incorporated at Albany 
under the name of the New York Telephone 
Company, with a capital of $16,000,000, and 
has taken over the business of the Metropoli- 
tan Telephone Company, which serves New 
York, Brooklyn and vicinity. With the 
surplus capital, it is rumored, local telephone 
companies in New Jersey and perhaps that 
of Philadelphia will be absorbed. At present 
all of the territory in New York State within 
a radius of 33 miles from the New York City 
Hall—excepting Long Istand and Staten 
Island—is included within the limits of the 
new company. As the contract with the 
Western Union Company, by the terms of 
which that and the Bell companies engaged 
not to enter the field of the other, expires in 
November, and as one of the Goulds is an in- 
corporator of the new company, it is thought 
by some that this move presayes a new ar- 
rangement, There would be a mutual ad- 
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vantage in a combination with respect to 
local telephone companies through avoiding 
duplication of offices, but the Long Distance 
Telephone Company will have a strony posi- 
tion in the telegraph field, as all of its wires 
can be used for telegraphic purposes without 
interfering with telephone transmission, and 
no new Office expense will be entailed if ad- 
vantage is taken of this upon the expiration 
of the contract referred to. 


Engineering Education.—A writer in the 
American Machinist submits a table of the 
present occupations of 650 graduates of Wor- 
cester Polytechnic Institute, showing that 
while the larger number are actively engaged 
in lines of work for which the Institute 
specially prepared them, the more réspon- 
sible positions were gained after years of 
service, to which the Institute training was 
merely the foundation, and in no way a part 
of the superstructure. It is added that no 
institution, however thorough or severe its 
course of instruction and training, can be 
supposed to turn out foremen, superintend- 
ents, or anything else. It simply turns 
loose a lot of raw material, from which later 
on, these various grades of engineers may 
develop. Opinion during recent years is be- 
coming more and more inclined toward the 
correct view involved in this conclusion— 
that engineering schools cannot graduate 
engineers, but merely impart the knowledge 
and training which, in practical work, will 
assist in the development of the faculty of 
sound commercial and technical judyment— 
without which none is an engineer, how- 
ever complete may be his knowledge of en- 
gineering principles and methods, or how- 
ever well supplied he may be with engineer- 
ing titles or affix initials to his name. 


Kelvin and Fleeming Jenkin.—The late Prof. 
Fleeming Jenkin was associated with Lord 
Kelvin, then Sir William Thomson, in the 
work of perfecting the siphon recorder, and 
at one time the two Scotch professors were 
for some days housed together in the Land's 
End terminal station of the Atlantic Cable 
during the course of some experiments. 
Prof. Jenkin was then preparing his text 
book on electricity and magnetism—a work, 
which for many years remained a standard 
college treatise—and during the stay at the 
station the matter of the text was the sub- 
ject of many discussions between the author 
and Sir William, which often assumed an 
animated character. At times when the 
sound of the gruff voice of Prof. Jenkin and 
the querulous tones of Sir William seemed 
to portend a more than usually obstinate 
stand by the former on some question, the 
superintendent of the station would enter 
their room and with a few joking words calm 
the disturbance, invariably due to the pugna- 
cious Scotch obstinacy of the former in de- 
fending some statement of theory or fact 
written for the book. 
Sir William, much irritated, would protest 
to the superintendent that Jenkin would 
give him credit for knowing nothing, that 
Jenkin considered himself infallible and 
all others iynoramuses, etc. — intellectual 
modesty not permitting any consciousness 
of his authoritative rank. A few moments 
later the difference of opinion would be for- 
gotten and amicable relations resumed. 


On these occasions . 
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Lord Kelvin as a Practical Man and as a Reader. 
—In an address delivered before the San 
Francisco Academy of Sciences, Mr. W. F. 
C. Hasson contrasted the eminently practi- 
cal qualities of mind of Lord Kelvin, with 
those of an another English savant. Pro. 
fessor Cayley in England writing to Pro- 
fessor Sylvester in America sent, as was his 
custom, lis latest most intricate mathemat- 
ical deduction. Heclosed his letter with the 
statement that he was not only pleased with 
the deduction, but was still further pleased 
by the fact that it could be put to no prac- 
tical uses. Mr. Hasson adds that Sir Wil- 
liam Thomson, as he will ever be known 
despite his later title, did not hold any such 
puerile opinion of the value of his mathe- 
matical intelligence. Another anecdote re- 
lated referred to Lord Kelvin's visit to 
America in 1884. While at J olins Hopkins 
University, he asked permis:ion to borrow a 
lately published book to which his attention 
had been called by one of the professors. 
Returning it the next day he said that he 
had found it extremely interesting and 
would like to procure a copy for his library. 
The book being one that had attracted much 
attention, the professor, in surprise, asked 
Sir William if he had not seen it before. In 
reply he said that his own work occupied 
him so thoroughly that he rarely found time 
toread. ‘‘It appears that he has not only 
learning, but that comprehensive knowledge 
that the Buddhist recluse vainly strives to 
attain by contemplation.” j 


Tesla and Marriage.—Our sprightly contem- 
porary, the Electrical Journal, takes issue 
with Mr. Nikola Tesla as to the undesirability 
of marriage for inventors and after disproving | 
his statement that few great inventions have 
been made by married men, proceeds as fol- 
lows: ‘‘ We are great admirers of Mr. ‘Tesla 
and his work. We give him credit for 
mighty good hard sense. We do not think 
he is like the Frenchinan who excused his 
bachelorhood on the ground that he was 
‘one butterfly, zat fly from ze flower to ze 
flower and sip ze honey.” We know, too, 
that Mr. Tesla’s nature isa very intense one, 
but we have just faith enongh in women— 
especially American women—to make Mr. 
Tesla a straight-out offer to find a girl for 
him who will not only match his intensity in 
all respects, but who will tax his inventive 
genius to the utmost—and hence encourage 
it—trying to explain where he was at 2 A. M. 
some night when she had gone to his lab- 
oratory to bring him home and found it 
dark, although he had told her he was going 
to have to ‘‘stay down town to work to- 
night.” Then again, if Mr. Tesla were to 
have ordinary Benedict luck and half a 
score of little Teslas, his inventive genius 
would be kept up toa white heat, hustling 
for the wherewithal to supply their wants. 
Mr. Tesla knows that ‘‘ necessity is the 
mother of invention.’’ Fie, Mr. Tesla, fie, 
we say. Get married. You'll get strong, 
be happy, sleep o’nights; and if you leave 
an invention or two less to posterity, you 
will leave a more material and fully as nec 
essary a legacy in another shape. Besides, 
they try to steal inventions from a man: 
they don't steal his children, seldom his 
wite, and never the pleasures that a married 
man falls heir to.” 
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Efficiency of Transformers. 

Ina paper read before the recent Cana- 
dian Electrical Association by Mr. P. G. 
Gossler, the great importance of the trans- 
former question, particularly in connection 
with large plants, was illustrated by some 
startling figures. By replacing some old 
transformers by new ones of high efficiency, 
a saving in coal, alone, of over $25 per year 
was effected, the entire outlay for the new 
transformers through which this saving was 


made being but $65. In the case of the 
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plant to which the paper refers, its capacity 
will be increased by 1000 lights without any 
additional current being required, when high 
efficiency transformers have displaced all of 
the less economical types—part of the gain, 
however, to come from ‘ bunching” small 
individual transformers where this is prac- 
ticable. In addition to the gain from the 
less current supplied, will be a further one 
due to less lamp renewals, while the smaller 
fluctuation in voltage will render the ser- 


vice much more satisfactory. 


Commutators. 

The reader will find much to interest him 
in the article printed elsewhere in this 
issue, on different forms of commutators, in 
which he will find illustrations of practically 
every type now used. While the improve- 
nients in commutators in recent years have 
been marked, the most notable advance has 
been in the attention paid to care in manu- 
facture and in insulation. It is less than ten 
years ago that one manufacturer attempted 
to insulate a 500-volt commutator by coatings 
of insulating paint between the segments, 
and it is within a shorter period that wood 
and various composition insulations have 
been entirely abandoned in favor of mica, 
which has alone stood the test of time. 


The commutator in its present form is per- 
haps the greatest of all electrical inventions, 
if we may so designate what has been a grad- 
ual development from the first two-part arma- 
ture attachment, and being the vital part of 
the dynamo, has well deserved the attention 
which has been given it.. It cannot yet, 
however, be said to have reached its final 
state, for at present there appears to be no 
consensus of opinion as to the best method 
of attachment of conductors to the lugs. Al- 
most every maker has a different method, 
and judging from the constant changes, none 
seems sure that his is the best. Another de- 
sirable improvement, and one to which some 
attention is now being given, is a construc- 
tion that will permit a defective bar to be re- 
moved and replaced without disturbing the 
commutator as a whole. One commutator of 
this kind is illustrated in the article. 


Leakage Current. 

Much confusion seems to exist concerning 
the real significance of ‘leakage current ” 
as applied in connection with transformers, 
some apparently believing that it represents 
a leakage in the proper sense of that word. 
This, of course, is no more true than that 
the shunt current of a dynamo represents a 
real leakage, for, as in the case of a dyna- 
mo, a certain amount of current must pass 
in order to magnetize the iron—this magnet- 
ization in the case of a transformer on open 
circuit being necessary to “choke” the 
primary flow. The leakage current of a trans- 
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former, in fact, is made up of a number of 
components. Part, as above stated, is nec- 
essary to magnetize the iron circuit; another 
part is expended to overcome hysteresis or 
magnetic lag—the effect of hysteresis being 
as if the magnetic reluctance were increased; 
still another portion is wasted in setting up 
eddy currents in the transformer and, finally, 
yet another portion is not fully utilized on 
account of some of the lines of force set up 
by the current not being effectively em- 
ployed, either through whole or partial leak- 
age. The amount of magnetizing current 
depends upon the magnetic quality of the 
iron and the form and state of continuity of 
the magnetic circuit; the hysteresis de- 
pends upon the hysteretic quality of the 
iron, and the quantity of eddy and last men- 
tioned current components depends largely 
upon the design. While in some cases each 
component of the ‘‘ leakage” current may be 
reduced, in no case can the latter three be 
entirely eradicated, and the very principle 
of the transformer, of course, depends upon 
the presence of the first named component. 


Water Power Electrical Transmission Plants. 
The water power electrical transmission, 
plant described in another column by Mr. 
W.F.C. Hasson, isa typical example of Rocky 
Mountain and Pacific Slope electrical power 
In the East little attention 
has apparently been paid to the utilization 


development. 


of high heads of water, notwithstanding the 
advantages presented. At present, however, 
a somewhat similar plant is being installed 
in western Massachusetts, and it is likely 
that in the near future others will follow. 
As in the case of high buildings and some 
other developments which the East owes to 
the less timid enterprise of the West, at first 
the idea of using heads of water correspond- 
ing to pressures ranging from 100 to 600 Ibs. 
per square inch naturally seems somewhat 


rash. 


A high water pressure is quite different to 
control than a gas pressure on account of the 
additional element of inertia introduced, but 
in the far West the problems entering appear 
to have been very satisfactorily solved. An 
interesting example of one of the problems 
was presented at the Fresno (Cal.) plant, 
where the head is 610 Ibs. per sq. in. A 
waste nozzle was provided, and when the 
water was turned on, the stream from it 
speedily cut a hole through the granite wall 
of the power house, against which it hap- 
pened to be directed. When the stream was 
directed against a steel plate, the latter was 
soon pierced, and finally a large casting was 
made which is gradually fed to the stream as 
it becomes worn away. The great advan- 
tage of a high head comes from the cheap- 


ness with which it may be developed. In 
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the plant described by Mr. Hasson, the en- 
tire cost, including buildings and electrical 
equipment, was slightly less than $100 per 
horse power, while the hydraulic develop- 
ment alone of a low head may vary from $60 
to f§14o and even higher. 


220-Voit Lamps. 

As will be seen from an article in another 
columin, the use of 220-volt incandescent 
lamps in England is rapidly entering the 
commercial stage. It appears that in Man- 
chester these high voltage lamps are already 
in regular commercial use, and the engineers 
of central stations in several other English 
cites report that they are giving excellent 
satisfaction, both to the station management 
and to the consumer. There does not seem 
to be any particular reason why it should be 
otherwise. 220-volt lamps of sixteen candle 
power, for example, do not necessarily differ 
from lamps of half the voltage, except in 
having an eight candle power filament 
twice the length of the filament of the 
lower voltage lamp. If eight candle power 
lamps, which have been largely used 
in Great Britain, have been efficient and 
durable, there seems no reason why the new 
high voltage lamps of sixteen candle power 
should not be equally so where the longer 


filament is not subjected to jarring. 


As the saving in copper for 220-volt over 
110-volt circuits is seventy-five per cent., the 
importance of the new departure is evident. 
Owing to the absence of the neutral wire, 
less copper is required than for the present 
Edison three-wire, 110-volt system, thus de- 
priving the latter of its advantage over the 
present two-wire system; and it is to be de- 
monstrated whether 440 volts can be adopted 
for use with the present Edison underground 
distributing system, owing to questions of 
insulation. House wiring where there is 
to be a considerable number of lamps, be- 
sides becoming much less expensive, would be 
greatly simplified on account of the smaller 
sizes of wire employed. The writer of the 
article which we abstract lays considerable 
stress upon the less fluctuation of voltage 
with 220-volt lamps, but why this should be 
so is not clear. For the same fluctuations of 
speed at the generator there would be the 
same percentage fluctuation in voltage and, 
therefore, the same effect on the lamps; and 
if the wiring is calculated fora given per- 
centage loss in each case, the use of a higher 
voltage will not affect the drop. 


Lord Kelvin. 

The honors paid to Lord Kelvin last month 
upon the fiftieth anniversary of his professor- 
ship at the University of Glasgow, were un- 
precedented—whether as a testimonial of ap- 
preciation to noble personal qualities or as 
the homage of the entire scientific world to 
one who is recognized, without a dissenting 
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voice, as not only its greatest living repre- 
sentative, but as one whose name ages hence 
will make the nineteenth century stand opt 
in greater relief from having been the period 
of his labors. While surrounded during the 
jubilee by illustrious men of science from 
every civilized country in the world, Lord 
Kelvin had the pleasure—perhaps never be- 
fore experienced by a savant—of knowing 
that, in spirit, homage was also being render- 
ed by thousands in practical walks of life in 
recognition of achievements which, if less 
likely of immortality than those of the intel- 
lect, have been, and will long continue to be, 
of immense benefit from the utilitarian point 
of view. 


One of the most useful lessons of Lord 
Kelvin’s life is the confirmation which it 
gives of the definition that genius is ‘‘ an 
It is 
only recently that, though passionately fond 


immense capacity for hard work.” 


of yachting, he gave up the summer vacations 
on the water which for decades had been 
his recreation, on the ground that he could 
no longer spare the time from his work. A 
great part—perhaps the greatest—of the suc- 
cess met with by the innumerable apparatus 
he devised, was due to the remarkable atten- 
tion he paid to every detail, however minute. 
The maker of his apparatus has stated that 
nothing was left to the manufacturer—every 
detail, even to the pitch of screws, being as 
carefully worked out as if upon each de- 
pended the entire success of the apparatus. 
In the marine compass, for example, a pe- 
culiar method of dovetailing was devised for 
the wooden case in order that it might 
better withstand the effects of dampness. 
Several years before the Kelvin balance was 
placed on the market, the writer saw the in- 
strument apparently in complete state, but 
awaiting, he was informed, perfection in all 
of its various mechanical details before being 
put in course of commercial manufacture. 
Though one of the intellectual leaders of 
the century, Lord Kelvin takes the keenest 
interest in everything relating to industrial 
affairs. He is well known in all of the 
great shipbuilding and engineering works 
about Glasgow, which he periodically visits 
and notes with lively pleasure any advance 
brought to his attention. A personification 
of both the scientific and industrial spirit 
which has characterized the past half cen- 
tury, the kingly honors of which he was a 
recipient last month were peculiarly appro- 


priate. 


Compressed Air for Street Railway Traction. 

In another column will be found some data 
concerning one of the two compressed 
air systems which will shortly be tried for 
street railway traction purposes in New York 
City. Owing to the refusal of the companies 
interested to divulge any information in re- 
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gard to the details of the systems, the descrip- 
tion we are enabled to give is rather meagre, 
but nevertheless, from it a fair general idea 
may be obtained of the main features of one 
system, from which the otherdiffers only in 
detail. 
motors of an electric street railway equip- 


As will be seen, in place of the two 


ment with their simple gear mechanism and 
underground trolley connection, (rivalry 
with the overhead trolley apparently not 
being proposed), in the Hardie system there 
are substituted sixteen air tanks, a hot water 
heater tank, and two reciprocating slide-valve 
engines with their several exposed articula- 
tions and piston rod surfaces. In addition, 
there are a link mechanism, reducing air 
valves, a by-pass valve provision and driv- 
ing wheels coupled by parallel rods—the 
latter arrangement being one which has 
been thoroughly tested in electric street rail- 
way traction and found wofully deficient. 
As to weight, the figure given for a Hardie 
car completely equipped is 9 tons, while 
the weight of an electric car of the same 
size is 15% tons. 


In efficiency the comparison between the 
electric and compressed air systems is not less 
unfavorable. In the former case we have 
a line loss averaging perhaps ten per cent. 
while in the latter there is a loss of thirty 
or forty per cent. in compression, due prin- 
cipally to the waste of the heat arising when 
a gas is mechanically reduced in volume or 
—which is the same thing—increased in 
pressure. Both in the generation and utili- 
zation of compressed air, the losses are higher 
than in the case of the electric system, and 
the danger from the explosion of one of the 
numerous tanks subjected to a pressure of 
2000 Ibs. per sq. in., is one much more real 
than any to which the passenger is exposed 
What 


advantages the compressed air system has 


from the erstwhile ‘‘ deadly trolley.” 


seem to consist only in the ability to use the 
steam engine under conditions of the best 
economy owing to uniformity of load, and 
in dispensing with street underground con- 
struction. Itsadvantages, however, did not 
enable it to prevail over horse traction in the 
attempts made before the days of the elec- 
tric railway, and it is not unlikely that 
ulterior considerations may have led to this 
revival—a delay of municipal action with 
respect to the underground trolley in Phila- 
delphia, and the extension of the overhead 
trolley in the upper part of New York city per- 
It is, of 
course, unsafe, and also somewhat unfair, to 


haps being the real objects in view. 


condemn any system whatsoever, in advance 
of practical trial, but where such emphatic 
claims of superiority have been made, as in 
this case, and without accompanying proof, 
it is not arniss to bring out the other side 
of the story. 
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THE CIRCUIT BREAKER. 

Even to those that have every facility at 
hand, and are not limited to any definite 
cost, the circuit breaker isa difficult prob- 
lem. In the preceding chapters it has been 
noted that the high voltage primary of many 
turns requires a special circuit breaker, so 
long and so lasting is the breaking arc due 
to the great self inductance of the coil. An 
ordinary vibra*orina nearly perfect vacuum, 
such as is used by Mr. D. McFarlan Moore, 
is very good for small currents. An induc- 
tive arc finds great difficulty in enduring in 
a vacuum, In large sizes, however, it be- 
comes difficult to make the vibrator, for the 
hammer must be so heavy that its vibrations 
are very apt to crack the glass at the point 
where the wire to the hammer enters. 

A vibrator is unsatisfactory for the reason 
that the time during which contact is made is 
not sufficiently long for the current in the coil 


FIG. I.—ARBOR AND PULLEY. 


to attain its full value, and sometimes the 
contact is for such a brief interval that the 
current attains a mere fraction of the value 
that it should have for gmaximuin secondary 
effect. The tools for making the vacuum 
breaker are not to be had by the majority of 
people, and it is the object of this article to 
describe a circuit breaker for the purposes 
indicated which any one with ordinary 
tools and ingenuity can build. 

This circuit breaker relies for its success 
upon its ability to open the circuit a very 
long distance in the brief interval of time 
that is consumed in the snapping of one of 


the stiff brass springs off the semicircular ` 


pins shown in Fig. 2. There are eight of 
these breaks in series, and as each of them is 
nearly one-half an inch in length, the cir- 
cuit opens about four inches almost instan- 
taneously. Comparing this with the gap of 
a vibrator, which is rarely more than ,!, in. 
in length, it will be seen that the gain is 
quite substantial, as indeed it must be to 
successfully operate a high voltage primary 
of many turns. 

To make the apparatus, procure a piece of 
hard rubber, 3 in. in thickness, and a little 
over four inches square. Through the cen- 
ter drill a 3% in. hole. Make the little arbor 
according to the drawing (Fig. 1). A short 
piece of machinery steel 7, in. in diameter 
will answer best. With it there will be ample 
stock to turn the threads, and allow for cen- 
tering. If the facilities are not at hand, any 
good machinist will make the arbor for about 
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fifty or seventy-five cents. If the commu- 
tator is to be a success, it must be well 
made. 

Mount the hard rubber square on the 
arbor, and clamp it securely in place with the 
two nuts. Place the combination in a wood 
lathe and turn up the hard rubber into a four- 
inch grooved pulley, as shown in Fig. 2. 
With a sharp tool, mark a three-inch circle 
on the side, and with a pair ot dividers divide 
this circle into eight equal parts. At each 
of these equal divisions drill a x in. hole, 
such that it will be a driving fit for a X in. 
copper rod. Insert in each of the holes a 
piece of this copper rod, 1% ins. long, allow- 
ing it to protrude ¥% in. on either side of the 
rubber disk. File each of these pins to a 
semicircular section on the part protruding, 
and adjust the pin so that its plane surface 
shall be at an angle of 45 degs. with the 
radius passing through its center, as shown 
in Fig. 2. This completes the rotating part. 

The stationary part of the circuit breaker 
is mounted on a piece of hard wood, 3% in. 
thick, and 6 ins. X 6 ins. in lateral dimen- 
sions. A 3% in. hole is drilled in its center 
and a in. brass rod tightly driven in; 
being also 3{ in. in length it comes flush 
with either side of the board. This brass is 
drilled and reamed out with a 60 deg. coun- 
tersink, and forms the lower bearing for the 
arbor of the pulley just described (see Fig. 
1). 
The upper bearing may be a brass casting, 
ora piece of % in. sheet brass cut and bent 
to shape as per drawing. If it be the latter. 
it must be reinforced at the middle by a cir- 
cular disk of brass ¥% in. thick and 1 in. in 
diameter; this disk may be sweated on with 
solder. If a casting is employed, which is 
preferable, this boss is, of course, cast on at 
the proper place. The center of this rein- 
forced place is drilled and tapped witha % 
in. tap, and a screw with a female center 
sunk in its end is fitted thereto. This screw 
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(Vor. Vtt. No. 3. 
cured to the base board in the positions in- 
dicated, with two 3, in. screw bolts each. A 
third screw bolt, provided with a thumb nut, 
secures a rectangular piece of hard rubber, 
3 in. >< 1% ins. X X in., against the |, in. 
phosphor bronze strips that serve as brushes. 

These brushes are Jẹ in. wide. Each 
little hard rubber pillar carries two of them 
clamped by the thumb nut as shown. One 
brush bears on the upper, and one on the 
under, side of the disk—snapping from pin 
to pin as it revolves. It is important that 
each pair of brushes bear on the ends of the 
same pin and that all eight brushes snap 
from their pins simultaneously. The 
brushes should be given a set, so that when 
they snap froma pin they will almost strike 
the next one, thus opening the circuit as far 
as possible. It is not important that they 
simultaneously make circuit, but they should 
be carefully adjusted for coincident action 
on the break. It will be noted that there 
are four idle pinsand four workiny pins. 
This is to secure a greater number of breaks 
per revolution, there now being eight. 
This enables the circuit breaker to be driven 
much slower. It may be driven by an elec- 
tric motor or by hand with the aid of a 
balance wheel from an old sewing machine 
suitably mounted. 

A very pretty way of driving the circuit 
breaker is to gear it by spur gearing to a 
second spindle with a ratio of four to one. 
On this second spindle is mounted on its geo- 
metrical center, a little rectangular piece of 
iron, about x in. X 1 in. X 3 ins. thus revolv- 
ivg on its edge. The piece of iron is so 
placed that it will revolve its ends over the 
end of the core of the induction coil. The 
proper adjustment being made, the iron will 
revolve and drive the contact. 

The principle is as follows: When the 
circuit is made, the core of the coil becomes 
magnetized and attracts the iron bar. The 
latter moves, and the contact snaps open 


FIG. 2.--SIDK VIEW AND PLAN OF CIRCUIT BREAKER. 


is locked in place with a % in. check nut, 
and forms the upper bearing for the appar- 
atus. The finished yoke is secured to the 
board with 14 in. round head brass screws. 
Next in order are four blocks of hard rub- 
ber 1 in. X 134 ins. X % in. They are se- 


just as the iron reaches a position exactly 
opposite the core. The momentum carries 
it by, the circuit is made, the other end of 
the iron bar reaches a position to be attracted, 
and the attraction and subsequent break of 
the circuit occur in precisely the same way 
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as before. Thus the process is continuous. 
The action of this contact breaker is im- 
proved by the use of a condenser. It is not 
conveniently arranged for the employment 
of an air blast, and when the arcs are minute 
the latter is not so necessary. When the 
arc is of some size, the air blast is always 
superior to a condenser. 

To an electrician the connections of this 
circuit breaker are obvious, but for the bene- 
fit of those who may be puzzled, it may be 
said that each pair of brushes may be re- 
garded as the terminals of a battery as far 
as connecting is concerned; eacli set of 
brushes is to be connected in series pre- 
cisely as a set of cells would be connected in 
series. The current should pass through 
each pair successively. 


FAULTS IN DYNAMOS. 


There is a certain class of difficulties that 
occur with dynamios that cannot be properly 
classed under faults. These rather come 
under the head of blunders, but they cause 
the dynamo to become inoperative just as 
truly, and therefore deserve description ‘in 
order that they may be readily detected and 
distinguished. 

This class of troubles of operation arises 
from incorrectly assembling the machine, 
and improper connection of its electric cir- 
cuits, this latter difficulty occurring in both 
field and armature. Of course, they never 
occur on a machine that has been satis- 
factorily operating for a period of time, but 
only with a machine that has been newly as- 
sembled. 

The symptoms that appear on a machine 
that has heen improperly put together or 
wrongly connected, are often different from 
those with which the average dynamo tender 
is familiar. The machine may build upa 
voltage less than the normal, and refuse to 
operate at the higher one; it may refuse to 
generate, and yet give ample evidence of 
electrical energy by furiously sparking at the 
brushes; it may get abnormally hot on no 
load, or it may refuse to generate at all. 

Most of these so-called blunders are due 
either to incorrect’ connections of the field 
or of the armature. Most often the mistake 
is committed by the man who puts the ma- 
chine together in the station, though some- 
times a machine will be found that has left 
the factory improperly connected. In this 
section we will consider those blunders 
which arise from incorrect connections of 
the field magnets. These cases naturally 
divide into three classes, referring to the 
simple shunt machine, the series machine, 
and the compound machine. The symp- 
toms of improper field connections are usu- 
ally the refusal of the machine to generate, 
or its generation of a voltage below the nor- 
mal. Occasionally, on multipolar machines 
with as many armature circuits as poles, in- 
correct field connections result in the gen- 
eral overheating of thearmature. Often the 
regulation of the machine is poor, the volt- 
age falling rapidly as the load comes on. 

The fields of a dynamo may be incorrectly 
connected in any one of the following ways: 

1. The coils may be so connected as to 
oppose each other in magnetic effect. 
2. The coils may be so connected as to 
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destroy the magnetic field that generates the 
current that energizes them. 

3. The coils may be short circuited. 

4. The field coils may not be connected 
at all. 

Taking first the case of the simple shunt 
machine, the last named difficulty of discon- 
nection of the coils is quite a common one, 
although it is obviously a mistake to any 
one familiar with the first principles of dy- 
namo machines. Such a mistake is, there- 
fore,an oversight. If this trouble is suspected, 
open the shunt circuit at a convenient 
point and try to ring it up with a mag- 
neto. If no ring results, keep one terminal 
of the magneto where it is and with the 
other touch the wire connecting the two 
field bobbins together. If this rings up, the 
open place isin the other half of the field 
magnet circuit, which should now be taken 
and subdivided into sections for testing in a 
similar manner, until the open place is run 
down. By this means the mistake will be 
soon found, even if the magnet is a large 
multipolar one. Remember that the field 
magnet circuit includes the rheostat and 
the wires leading thereto, and that the open 
place is more liable to be here than any- 
whereelse. Often the magnet bobbins are 
not connected together, the manufacturer 
perferring to ship them in that condition to 
avoid their terminals being broken close off 
to the bobbin in transit. 

While it is always better to mistrust your 
own work in the matter, it is by no means 
certain that because the manufacturer has 
delivered the machine, that it is all ready to 
run with the making of the connections to 
the switchboard. Necessity or negligence 
may rule otherwise, and besides, the dealer 
is not to be held as infallible. He has the 
same human failing of making mistakes as 
any one else, although in this case he is less 
liable to do so than the buyer of the ma- 
chine. 

The first case named is that of connecting 
the coils so that they oppose each other. 
This results in a lower voltage or, if the coils 
are two in number and equal in size, in no 
voltage at all. If the coils of a pair of pole 
pieces are equal and opposite in magnetizing 
power, the poles themselves will attract the 
same end of a compass needle when they 
should attract alternate ends. It will be found 
also that the yoke of iron connecting the rear 
ends of the poles thus improperly connected 
will become strongly magnetic when the 
field is energized by a current. Indeed, if 
this trouble is suspected, a very pretty way 
is to strongly excite the field of the dynamo 
from an outside source, keeping the arma- 
ture stationary. The field may then be tested 
for such abnormal developments of mag- 
netism with a small piece of iron. 

A little study may be necessary to de- 
termine which is the yoke piece on some 
machines. Thus on a Thomson-Houston 
dynamo of the spherical type, the yoke 
would be the bars on the outside of the ma- 
chine, and if the coils were connected in 
opposition, these bars would become highly 
magnetic. In an upright Edison dynamo, 
the magnetic portion in the case of spch a 
misconnection, would be the rectangular 
yoke piece on the top of the machine. 

In testing the polarity of strong magnets 
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with a compass, care must be taken that the 
compass is not placed too near the magnet. 
Two feet is an ample distance, and if a nearer 
distance is used, the magnetism of the com- 
pass is liable to be reversed and throw the 
tests into confusion. 

Some dynamo machines have their field 
coils arranged in sections, for certain reasons, 
aud occasionally one of these sections is so 
connected as to oppose its fellows, but being 


one in many, it may not be sufficient to cause 


complete reversal of the pole piece it sur- 
rounds. In such a case the compass method 
can be profitably employed. Let the com- 
pass be placed at a certain measured dis- 
tance from a pole piece that is suspected to 
be weakened by the reversal of one of the 
sections of its bobbin, and set the needle 
swinging. Count the number of complete 
vibrations that occur in a minute. Place the 
compass in a similar position with regard to 
the other pole piece known to be of full 
strength and repeat. The stronger the pole 
piece, the more rapid these vibrations will 
be. The frequency of the vibrations varies 
directly as the square of the strength of the 
pole piece, provided that the compass is at- 
tracted by no other force than that of the 
pole piece tested. In making this test care 
must be taken to see that the current in the 
field circuit is kept exactly constant. Its 
magnitude matters not provided that it is 
sufficient to produce a good strong field like- 
ly to predominate over outside influences. 

If the coils are so connected that they 
work against the magnetic field that gener- 
ates current to energize them, the machine 
will as a whole refuse to build up its voltage. 
On suspecting this trouble, interchange the 
shunt field terminals, and try the machine 
again. Ifthe machine is still obstinate, try 
the ordinary methods of inducing self exci- 
tation. It may be that the repeated trials 
with the fields wrongly connected have 
killed the residual_ magnetism, and that the 
machine requires a start. Give the machine 
tine to build up; machines have been known 
to take as long as five niinutes to get up to 
full voltage. The experimenter in his anx- 
iety to have things work right, may, after a 
moment's trial, decide that his connections 
are wrong, and change them when success 
would have attended a little patience. Par- 
ticularly is this the case when a pilot lamp 
is the only means of telling that the ma- 
chine has come up, or is coming up to volt- 
age. A machine might build up consider- 
ably without causing the filament to glow. 

If the field is short-circuited, of course 
practically no current can enter it, and the 
machine will refuse to generate. Short- 
circuitings of this nature generally take place 
through the frame, and todo this there must 
be two grounds, one at each terminal of the 
field coil. A magneto will readily detect a 
ground, and if one is found and there is re- 
fusal to generate, two may be suspected. To 
verify these suspicions, open the field circuit 
in the middle, and ring between the field 
terminals. If this rings up, the fields are 
certainly shunted, and probably short-cir- 
cuited. In testing thus for a short circuit on 
ashunt machine, be sure that the brushes 
are lifted. If this precaution is not taken, 
the experimenter is pretty certain to find a 
very solid short circuit, one, however, that is 
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legitimate—namely, the armature of the ma- 
chine. 

A series machine differs but little from a 
shunt machine in its false field connections, 
and the effect thereof. Open circuits and 
short circuits produce the same effect— 
namely, refusal to generate—and these 
troubles are sought forina similar way. On 
series machines it is well to remember that 
the entire outside circuit is a portion of the 
field circuit, and upon its continuity the 
field magnet depends for its current. Coils 
in Opposition on a series machine may be de- 
tected by the method of testing with separ- 
ate excitation already described. 

Series machines are usually high voltage 
arc machines, and even if the bobbins are in 
opposition, there may be a furious electrical 
display at the commutator when the machine 
isrun. Particularly is this the case if the 
machine is of the open coil type. Series 
field coils so connected as to ‘‘ build down ”’ 
the machine, are detected and corrected as 
with shunt machines. 

Compound machines possess both a shunt 
and a series coil, and though the independ- 
ent treatment of these coils is very similar, 
yet the mutual action of their combined 
presence complicates the search after incor- 
rect field connections. The series coil on a 
good machine is of low resistance, and is de- 
signed to be inferior to the shunt in magnetic 
power. In acompound dynamoa series coil 
is simply a regulator, and when it is im- 
properly connected the regulation will be 
affected. If it be left out altogether, the 
machine will not regulate at all, but will lose 
its voltage as the load comes on, the same as 
in the case of an ordinary shunt machine. 
If the series coil opposes the shunt coil, the 
effect just mentioned will be enhanced. 

A good way to determine the correctness 
of the connections of a series coil, is to run 
the machine with a load, and short circuit 
the series coil, at the same time observing a 
voltmeter placed across the terminals of the 
machine. If on short circuiting as indicat- 
ed, the reading is lower than at first, the 
series coil is properly connected. If the 
reading goes up the series coil is reversed 
with reference to the shunt, and should be 
correctly connected by interchanging its ter- 
minals. If no effect on the reading is pro- 
duced, the series coils are in opposition or 
are out of circuit. This latter case frequent- 
ly arises, for often the numerous studs con- 
fuse the person making the connections, with 
the result that the armature terminals be- 
come the machine terminals, thus cutting 
out the series coil. Series coils out of cir- 
cuit may be distinguished from coils in op- 
position by the fact that when the latter are 
short circuited and then open circuited, a 
slight spark occurs, while with a coil out of 
circuit no such spark can be observed. 

If the shunt circuit is open, the series coil 
being intact, the machine will refuse to gen- 
erate full voltage, but on short circuit will 
develop enough current to fuse a relatively 
stout copper wire. This of itself indicates 
the difficulty. Shunt field coils on com- 
pound machines are treated for incorrect 
connections in practically the same way as 
on simple shunt machines. Ina following 
section the various mistakes sometimes made 
in connecting the armature will be taken up 
and discussed. 
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REPAIR OF ELECTRIC RAILWAY APPA- 
RATUS. 


BY W. E. SHEPARD. 


THE WESTINGHOUSE MOTOR. 


Three types of Westinghouse motors have 
been put before the public, which have met 
with very general use. 

The earliest, known as type 3, was first 
sent out in 1890, and for five years held the 
field as the acknowledged motor of this 


FIG. I.—NO. 3 SINGLE REDUCTION RAILWAY MOTOR. 


company. In 1894, type 12 was brought out, 
and in 1895 type 12 A became standard. 

Owing to the considerable length of time 
during which type 3 was produced, there is 
probably a larger number of these motors 
now in use than there is of any other single 
Westinghouse type, and that they were an 
extremely good motor is borne out by the 
very considerable number which are con- 
tinued in service right along with those of 
later and more approved pattern. 


(Vou. VIII. No. 3. 


It is a four-pole machine, without conse- 
quent poles; that is, each pole is arranged 


_ with an energising field coil of its own. The 


armature is of the double-circuit cross-con- 

nected type, and was the first to use the slot- 

ted core with the coils sunken below the 
surface. 

The motor is so constructed that all work 
is done on it from beneath the car, excepting 
only inspecting and filling of the lubricating 
grease cups. This, of itself, isa very great 
advantage, doing away, as it does, with 

all portable apparatus 
which, in other types 
of motors, must be 
used in the inside of 
the car body, and al- 
lows of special and 
convenient arrange- 
ments from below for 

‘\ usein replacing arma- 
tures and other heavy 
and dirty work which 
would necessarily be 
done inside the car it- 
self when the arma- 
ture is accessible only 
from above. 

j The armature shaft 
in this motor is quite 
heavy, being 2% ins. 
in diameter. Notwith- 
standing this, it will 
occasionally become 
sprung, and in this 
event the matter of 

repairisa serious one. The shaft is not ar- 

ranged to drive out, andin most cases it 
becomes necessary to remove the winding, 
as otherwise it is almost certain to become 
damaged bythe heat necessary in the pro- 
cess of straightening. In cases where the 
bend in the shaft is at the pinion near the 
extreme end of the shaft, a cylinder of heavy 
sheet asbestos about six inches in diam- 
eter may be made, with one end closed 
up and a hole cut in the other of a size 
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FIG. 2.—TYPE 2 WESTINGHOUSE ARMATURES. 


Fig. I gives a general view of this motor, 
with armature in place and upper fields 
thrown back. 

The motor proper consists, as may be seen, 
of acylindrical shell cut in halves horizon- 
tally, each half being hinged at its back so 
that either the top or the bottom half or 
both may be swung back, exposing both the 
armature and field coils, either of which is 
readily removed as desired. 

The cylindrical shell is supported by a 
heavy hollow rectangular frame, itself sup- 
ported by springs on the one end and by the 
car axle on the other. The prominent feat- 
ure of this motor is its strong mechanical 
construction. 


just sufficient to allow the end of the 
shaft to pass through. This being slipped on 
over the end of the shaft, by the use of sev- 
eral heavy gasoline torches, the shaft may 
be heated sufficiently to straighten, which 
process must, of course, be done in a heavy 
Jathe. As an additional precaution, the 
armature may, beforehand, be given several 
heavy coats of shellac or P & B compound, 
particularly on the head next the pinion, 
and over this several rings of canvas placed 
which, during the process of heating, may 
be kept thoroughly wetted so as to keep 
down the heat from the windings of the 
armature. 

When these armatures are being rewound, 
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it is a good plan to start the winding at such 
a point that the small set-screw in the collar 
which holds the core to its position on the 
shaft, shall come just between the opening 
forined between the third and fourth quarters 
of the winding. When the coils are put on in 
this way, in event the shaft becomes badly 
bent, this set-screw can be removed by a side 


FIG. 3.—NO. I2A RAILWAY MOTOR, CLOSED. 


screw-driver and the collar backed off by 
blunt chisels and the armature shaft driven 
out. When this can be done, the straight- 
ening can be accomplished much easier and 
more accurately than when the shaft is 
in place in the core. 

In repairing the field-coils of this motor, 
it is generally a good plan to insert a heavy 
strip of sheet mica between the first and 
second layers of tape used as a wrapping. 
The mica should extend from corner to cor- 
ner on the outer edge of the coil, on the end 
nearest to the commutator, as it is here that 
the field-coil most usually breaks down. It 
is well also to insert a heavy fuller-board 
washer between the coil and the motor frame, 
and another between the coil and spider 
which supports it. 

This motor is built with the main axle 
caps removable from below. This arrange- 
ment allows of the easy removal of worn out 
or damaged wheels, either by raising the 
body, truck and motors up free of the wheels, 
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guard which is bolted%at either end of the 
bottom of the motor, the exact clearance of 
the armature from the face of the pole-pieces 
is easily seen, and may from time to time be 
readily measured by a taper gauge and re- 
corded. ‘his is a feature which has not 
been appreciated, or at least has been over- 
looked by designers, as none of the later 
designs are accessible 
for such inspection, 
and the only way to 
know the condition of 
the bearings is by 
means of records of 
mileage of the car, and 
this method must pre- 
suppose a uniforin and 
reliable action of thie 
bearing. 

Two openings are 
left in this motor, one 
at either end on the 
upper side, which ex- 
pose the interior to wa- 
ter and mud from tue 
wheels, and to snow. 

These were left for circulation 
and ventilation, but it will be found 
desirable to use covers over each, 
especially during stormy and wet 
weather. Such covers can be easily 
made from sheet iron having lugs riveted 
at each end for supporting them in place. 

It was a desire to secure a more thoroughly 
waterproof as well as a lighter machine 
which led to the fundamental changes in 
the succeeding type 12 motor. In this 
motor, the type remains nearly the same as 
in the one just described. It has the same 
four fields and the same cross-connected, 
double-circuil armature, the chief difference 
being the omission of the heavy supporting 
yoke or frame, and the incorporation of the 
armature-bearing supports into heads or ends 
completely incasing the interior of the 
motor. 

The armature is slotted for but half the 
number of coils; each coil, however, 1s 
double, so that in reality there is no change. 


FIG. 5.—VENTILATED ARMATURE FOR NO. I2A RAILWAY MOTOR. 


as is done where heavy traveling cranes are 
accessible, or by removing a short portion of 
the track and taking the wheels out from 
below. Where the axle caps are bolted 
above the bearing, as is the case with some 
later types, it becomes necessary to first re- 
move the motor entirely from the car, and 
afterwards the wheels, requiring consider- 
ably more work than when arranged as in 
this motor. 

One feature of this motor, and one which 
has contributed very largely toward its suc- 
cess, is the accessibility for inspection of the 
condition of the bearings. By removing a 


The body of the armature is much shorter 
and is arranged to be lowered only from 
the under side, the upper field casting being 
stationary. 

The latest type, known as type 12 A, is 
very similar to the one last named. The 
frame is moulded to a rather better and 
more substantial outline, and the armature 
wound after the ‘‘Eickemeyer’’ style of 
winding. The coils are all wound on forms 
and shaped before placing on the armature. 
They are of two sizes, inner and outer, and 
symmetrical; when placed on the arma- 
ture, a passage is left between each coil and 
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between the two heads formed by the inner 
and outer layers, thus allowing of consider- 
able facility for ventilation at the ends of 
the armature. The 12 A motor is shown in 
Figs. 3 and 4. 

Fig. 3 isa very good view of the motor as 
it appears closed, and Fig. 4 shows the lower 
half of field dropped down, exposing the 


FIG. 4.—NO. I2A RAILWAY MOTOR; OPEN. 


armature in place. Fig. 5 gives a general 
view of the armature of this motor, showing 
the ventilating spaces at the heads referred 


to. 
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A LARGE SILVER MINING ELECTRIC 
PLANT. 


Some months ago an interesting power 
transmission plant was installed by the 
General Electric Company at the Silver Lake 
mines of Mr. E. G. Stoiber, at Silverton, 
The introduction of electricity into 
the operation of the mines resulted in an 
economy so notiggable that an increase in 
the plant is now being made to provide for 
an extension of the system in the mines, and 
to reinforce the water power, which is not 
sufficient to furnish all the power required 
throughout the year. 

The difference between the cost of coal at 
the power house and its cost at the mine, 
which is at a greater elevation by some 2500 
ft., is such that the saving effected, even 
when steam power is used for generating 
purposes, will insure an ample return on the 
investment. 

The present plant now in operation con- 
sists of two 150-KW General Electric three- 
phased, water-driven generators, supplying 
current to one 100-HP motor for the mill; 
one 100-HP motor for the air compressor; 
one 75-HP motor for the hoist; one 15-HP 
motor for the pump; one of 1-HP fora blower, 
and to incandescent lights scattered through- 
out the station, mill and mine. The addi- 
tional plant will consist of two 150-KW 
General Electric generators; one 100-HP 
motor for the mill; one 15-HP motor to 
drive a pump, and two 10-HP motors for 
driving blowers, forges and miscellaneous 
machinery. This, although the entire out- 
put of electrical energy is to be used in the 
operation of a single mining property, will be 
the largest electric power plant in the State 
of Colorado. 
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INTERIOR WIRING. 


THE DESIGN OF CIRCUITS. 


After the lamps of an installation have 
been located, it is necessary that they be 
connected together with wires in such a way 
as will give the most uniform distribution of 
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pressure, and, at the same time, afford ap- 
propriate control, both as regards switches 
and fuses. There are, therefore, two prin- 
cipal considerations in the design of circuits 
—uniform pressure, and methods of control. 
Both of these should be accomplished with 
the least copper possible. 

There are two great systems of interior 
wiring—1°, the tree or feeder and main sys- 
tem, and 2°, the cabinet or closet system. 
Fig. 2, shows a good example of the feeder 
and main system, and it is in a measure 
self-explanatory. Large wires feed the 
center of the system, which consists of a 
pair of mains, and these in turn feed sub- 
mains, from which branch the taps supply- 
ing the lamps. This system is largely used 
in factories, machine shops and weaving or 
carding rooms, where the lamps are so ar- 
ranged that such a system is applicable, and 
where all of the lamps are to be used at 
once. For the majority of other places it is 
not suitable, except on a small scale. 

The cabinet system consists simply in 
feeding with a pair of mains a set of bus 
bars in a small cabinet, from which circuits 
branch to the lamps or to sub-cabinets (see 
Fig. 1.) The circuits are always controlled 
at the cabinets with a fuse and.often with a 
switch. These cabinets are cases built into 
the wall and finished in accordance with the 
wood work in the vicinity, and had best be 
arranged to lock, in order to prevent the in- 
termeddling of curious or malicious persons. 

Most of the modern installations are a 
combination of the cabinet and feeder sys- 
tems. For instance, ina large office build- 
ing it is customary to control each floor at 
the dynamo switchboard, and this is con- 
veniently done by feeding a cabinet located 
in a central position on the floor to be 
lighted. From the cabinets run a number of 
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sub-feeders spreading over the floor, and 
from these feeders tap the various office cir- 
cuits. By this means the fuses of the cir- 
cuits are readily under control, and any 
group of offices may be cut out as desired. 
Moreover, if a fuse blows, the cause inay be 
readily traced and removed, and the cabinets 
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can beall under the convenient inspection 
and control of on2 person. 

The general ideasof the two systems being 
understood, it will be well to consider the 
units of which they are composed. First, 
there is always the main feeder, which car- 
ries the whole current used by the lamps. 
Then come the sub-feeders that carry the 
current of a portion of the lamps, and lastly 
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the tap circuits. The main feeders are al- 
ways the easiest to calculate. Taking, for 
instance, the feeders of Fig. 1, that feeding 
cabinet 4 carries the current of fifty-one 110- 
volt lights, one hundred feet. Assuming 
the maximum variation of pressure to be 
five volts from bus-bars to lamps, we may 
allow two volts loss in these feeders, which 
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leaves three volts for the taps and sub-feed- 
ers. The line loss is 2, the lamp-feet 5100, 
and applying the formula for 110 volts, A = 
Twe haveg = .00039 ohm per foot 
of wire, which is equivalent to No. 6 B. & 
S. wire, this being just a little large. If it 
were decided to have three volts drop on 
this feeder, No. 8 B. & S. would be the 
nearest size, it also being a little small. In 
this case it would be better to use the No. 6 
wire, for it is always preferable to have the 
mains large rather than the sub-wiring, as 
the latter can be more easily changed if at 
any time itis desirable to increase the lights 
on the sub-circuits. Also, it is 
cheaper to scrap small wire than 
large. 

The little chandelier (ce rcuit 2) 
carrying four lamps 20 ft. away from the 
cabinet, involves but So lamp-ft., and the volts 
lost must be three in order that the loss be 
uniforni from bus-bar to lamp socket in every 
case; applying the rule, the resistance 


per foot will be oe = .0375. This is much 


‘higher than the resistance of No. 14 wire, 


but nevertheless we must use No. 14 because 
the insurance code permits nosmaller. The 
lights on this chandelier will therefore burn 
above candle power. 

Circuit 3, which feeds cabinet C, figures 
out 1690 lamp-ft. The line loss must be 
less than three volts, for we must have 
something for the inevitable loss in. circuits 
7 and 8, as we cannot make these wires of 
no resistance. Let the volts lost in circuit 
3, therefore, be 2, and the resistance in 


ohms per foot is 7. — To 
pe 6g OM most nearly 


No. 10 B& S. If weallow.75 volt for the 
circuits 7 and 8, the wires will be No. 14 on 
the fifty-foot circuit and No. 12 on the 
seventy-foot circuit respectively. The taps 


a i 


2. 


feeding the lamps are so short and carry so 
few lamps that it is probable that the wire 
would figure out nearer No. 20 than any- 
thing permissible. As before stated, No. 14 
would have to be used, the drop through 
which would be negligible; but in all proba- 
bility the contacts in the rosettes and sock- 
ets would absorb .25 volt so nearly that the 
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lamp voltage would be within that amount 
of the rating. 

In making any calculation, it is not neces- 
sary to be any more accurate than the 
method. In calculating wire, we are handi- 
capped in accuracy by being obliged to 
choose wires that are too large or too sinall 
simply because they are the nearest thing 
that we can get, or because the insurance 
code compels their use. We therefore can 
afford to approximate in such cases as this 
without practically impairing the accuracy 
of the result. Itshould be endeavored, how- 
ever, to compensate as much as possible for 
these enforced errors. If we are obliged to 
choose the mains a little large, take advan- 


FIG, 3. 


tage in the calculation of the sub-feeders to 
choose therm a little small. 

Turning now to the circuit marked 1, Fig. 
1, it will be seen that it is somewhat different 
from any that we have yet encountered. If 
we were to calculate the wire for this circuit 
with scrupulous accuracy, we would find 
that the wire between every lamp would be 
of a different size. This would be a difficult 
circuit to run and would involve many joints. 
In fact it would not pay to be so accurate, 
for in many places the difference in the sizes 
of the wires between the lanıps would be so 
small that the wire gauge would not follow 
them; that is, we are compelled to use one 
size of wire for all of these leads. It would 
not be advisable to piece the circuit any- 
where, because the joints are troublesome 
and introduce an element of insecurity into 
the work. It is far better to usea uniform 
size of wire, for if it be too small on one side 
of the circuit, it will be correspondingly too 
large on the other, and thus a balance of the 
errors will obtain. 

-The proper wire can always be found con- 
veniently in such a case by assuming that all 
the lamps are bunched together at a distance 
from the source of supply equal to one-half 
the length of the circuit. In this case the 
distance is 100 ft., and as there are 34 lamps 
we obtain 3400 lamp-ft. With three volts 
drop, the wire would have a resistance of 
.ooo88 ohm per ft., the nearest size being 
No.9 B & S. 

This method of wiring is called the loop 
circuit. It will be noted that the length of 
wire from bus-bar to lamp is exactly the 
same and, it may be added, the drop is 
nearly so. For this reason, this circuit is 
quite a favorite, as it meets the demands of 
equalized pressure. It is not economical of 
copper except when there can be a com- 
plete loop of lamps; it would never pay to 
run itas in 3, Fig. I. Large loop circuits 
involving many lamps aud long distances 
call for a wire so large that it cannot con- 
veniently fit in the lamp rosettes and fix- 
tures. 

Tap circuits are of various kinds, and ex- 
amples of them are shown in Fig. 3. No.1 


- appropriate switch control. 
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is the ordinary tap circuit fed at one end. 
Unless it is very short and has but few lights 
the last lamp will burn at a noticeably less 
brilliancy than the first one. No. 2 differs 
from No. 1 in that it is fed in the middle. 
By this means the lamp at the end is not so 
far removed from the source of supply, and 
such a circuit could be twice as long as one 
of the No. 1 type without affecting the rela- 
ative brilliancy of the lamps it feeds in any 
greater degree. No. 3 is the loop circuit 
already described, and gives better distribu- 
tion than No. 2. No. 4 gives even better 
distribution than No. 3, but is not as con- 
venient, for it uses two single-pole branch 
blocks instead of one double-pole block. No. 
5 is a method sometimes used on large rect- 
angular chandeliers, rows of border lights, 
and in similar cases. It is not used often, for 
the numerous feeders must be brought to 
one point in order that the circuit may have 
A loop circuit 
would almost always be better. No. 6 is il- 
lustrative of a system which is adapted to 
either the three or two-wire system; it is 
very important, for many plants are wired 
on this system, so that they can operate on 
the two-wire system with their own power 
and, in case of a breakdown, the three-wire 
mains of the local lighting company could 
be called into play by the mere throw of a 
switch. Itis obvious that this circuit can 
be fed in the same ways as 2, 3, 4 and 5, as 
miay be desired. 

In small tap circuits it is rarely necessary 
to calculate the wire, provided not more 
than five or six lamps, and those in close 
proximity, are to be fed. If the calculation 
is made, the proper wire will be found to be 
smaller than No. 14, and as the latter must 
be used to comply with insurance rules, no 
benefits are obtained from the calculation. 

The calculation of an electric circuit may 
be summarized as follows : 

First, divide the circuit into sections, such 
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stock. Remember that the line losses by 
any path from switchboard to lamp socket 
should, theoretically, sum up to the same 
predetermined amount. 

Fourth, calculate the resistance by the 
rule already explained and select the wire. 
In selecting the wire, it is well to remember 
that if the feeder has been taken the size 
larger than the calculation called for as 
being the nearest, that it will be well to select 
the tap wire the next smaller size to equalize 
the drop. In choosing wires as the result of 
the calculations, arrange, if possible, to have 
the cases where the next larger wire is 
chosen, those of the main feeders. 

Fifth, be careful to note that you are not 
installing wire that the insurance code de- 
clares to be too small. With moderate line 
losses there is little danger of doing this, but 
cases arise where the circuit feeds lamps 
very near the switchboard, and where, in 
order to get the drop, a smaller wire than 
is allowed is called for by the calculations; 
such a case was that of circuit 3, Fig. 2. 

Lastly, remember that the line-loss, lamp- 
feet rule only applies to cases where both 
wires of the circuit are considered. Single 
wires are treated differently. 
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The Indicator Card. 


As the indicator card illustrated in the 
article under the above caption in the June 
number was distorted somewhat in inking 
and in the process of engraving, it is repro- 
duced herewith, accompanied by the values 
of the pressures corresponding to the card 
as engraved. By adding the pressures, the 
mean values thus determined will be found 
64.4 lbs. for card A and 61.1 lbs. for card B. 
By adopting the preferable method and add- 
ing the pressure lengths on a long slip of 
paper, the total length for card 4 will be 
found 1044 ins., and 10 ,4; ins. for card B; 
as the scale of the spring was 60 lbs., the 


that each section carries as nearly as possible 
the same amount of current throughout its 
length. This necessitates, wherever circuits 
branch in the system, that this point must 
be a dividing line between sections. 

Second, calculate the number of lamp feet 
that each section involves, remembering that 
each section is to be credited with the lamps 
on the tap circuits that it feeds by branches 
and taps, as well as those that it feeds 
directly. 

Third, choose a line loss. By carefully 
choosing this you may avoid odd sizes which 
are inconvenient and not largely kept in 


second method gives a total of 641 lbs. for 
card A4 and a total of 611 Ibs. for card &, 
the averages being, therefore, 64.1 lbs. and 
61.1 lbs. respectively, which give a final 
average of 62.6 lbs. 

An error was also made in calculating the 
engine constant through taking the area of 
a 28 in. cylinder at 625 sq. ins. instead of 615 
sq. ins. Allowing for a 2 in. piston rod 


(area = 3 sq.ins. ), the mean area is O12 + O15 


= 613.5, and the corrected engine constant 
becomes” AS 2X 6135X%3 — IIIS. 
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With a mean pressure of 62.6 lbs. and 114 r. 
p. m. the horse power thus becomes C A P 
= 115 X 114 X 62.6 = 796 I. HP. 

An interesting application of the indicator 
card is to the calculation of the amount of 
steam used per hour per horse power. It 
should be understood at the beginning, how- 
ever, that the results of such calculations 
can be accepted as only approximate. The 
calculation is based upon the assumption 
that the steam works like a perfect gas, there 
being neither condensation nor re-evapora- 
tion. In reality, when steam enters an en- 
gine cylinder a greater or less quantity is 
condensed and a still further quantity during 
expansion. On the other hand, as the press- 
ure falls during expansion, some of the con- 
densed steam is re-evaporated, but how much 
cannot be known except by direct measure- 
ment, the amount depending upon the qual- 
ity of steam, type of engine, whether jacketed 
or un-jacketed, the point of cut-off, etc. 
By the use of superheated steam, it may be 
remarked, the loss incident to the above 
condensation on re-evaporation can be largely 
avoided, and it is quite probable that before 
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of water o 62.5 lbs., the space occupied 


by 50 Ibs. S 3X 1728 = 1382 cu. ins. The 


area of the A in. piston is 615 sq. ins., 80 
that the part of the stroke corresponding to 


1384 cu. ins. is aem = 2.25 or 2X ins. That 
I 


is, the clearance space takes as much steam 
as is required for 2% ins. of stroke of the 
Sa SEL vias to the stroke, we have 


3°, 


wa = .06 or 6 per cent., 
which is the usual way of expressing clear- 
ances. 

We are now prepared to take up the cal- 
culation of steam consumption. What we 
wish first to know is the quantity of steam 
contained in the cylinder at a selected point 
of the stroke. In order that the least con- 
densed water may be included, this point 
should be taken at or very near the point of 
release, as at the point d in the diagram, re- 
ferring to the full-line card. 

Carefully measuring the length of the at- 
mospheric line, we find it to be 32 ins. 
long; similarly, we find, measuring along 


FIG. 5. 


long general advantage of this fact will be. 


taken in practice. 

The steam consumption obtained by the 
method which will be explained, is always a 
minimum, the true amount being as much 
as thirty per cent. higher in some engines, 
but with a much less discrepancy in large 
slow-running engines. It is very useful, 
however, for an engineer to occasionally cal- 
culate a card for this purpose, for the reason 
that he may thereby be enabled to detect 
piston or valve leakage, and besides, obtain 
at least a comparative idea of the effi- 
ciency of his engine. 

The clearance of one end of the engine 
must be known to commence with. While 
in perhaps every case this may be obtained 
from the engine builder, it is much better to 
measure it personally, as some builders may 
be inclined to put the figure too low on ac- 
count of its commercial importance. To de- 
termine this quantity, it will be necessary to 
remove the valve cover and, the engine being 
on its head center, close the lead opening of 
the valve watertight. Then, the water valve 
being closed, pour water into the cylinder 
through the indicator opening, carefully 
weighing the amount used. 

Suppose the size of the engine to be 28 ins. 
X 36 ins., and that fifty pounds of water are 
required to fill the clearance space, which 
includes the valve passages, the space be- 
tween the piston and head and the cock open- 
ing, Since one cubic foot or 1728 cu, ins, 


the atmospheric line, that the point d is 317 


ins. from the beginning of stroke. The 
17 
fraction of stroke to point d is then: oie 926 


332 
stroke, or .926 X 36 = 33.33 or 33% ins. 
Next will be to find the quantity of steam 
that will occupy the space in the cylinder 
when the piston is 334% ins. from beginning 
of stroke. Adding the clearance of 21 ins., 
we have 35,7, ins. for the equivalent length 
of the space, whose area is the area of the 
piston, or 615 sq. ins. The volume occupied 


is then 615 X 35,7, = 21,884 cu. ins., or 
elie oe = 12.66 cu. ft. 
1728 


The next step is to find the weight of the 
21,884 cu. ins. or 12.66 cu. ft. of steam inthe 
cylinder at the point d, and to do this the 
pressure there above the atmosphere must 
be measured. The distance of b above the 
atmospheric lineis $$ in. which, as the scale 
of the spring is 6o lbs., corresponds to 14x 
60o = 20.6 pounds. The weight per given 
volume of steam at this pressure may be ob- 
tained from steam tables, but it will here be 
calculated by an approximate method, as 
this can be very simply done and with suffi- 
cient accuracy. 

The volume of a pound of steam at atmos- 
pheric pressure or 14.7 lbs. above a vacuum, 
is 26.37 cu. ft., and the volume of steam at 
another pressure (also expressed above a 
vacuum) is proportional to this, being, of 
course, greater if the pressure is below the 
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atmosphere, and less if above. In this case, 
the pressure is 20.6 above the atmosphere 
or 20.6 + 14.7 = 35.3 lbs. above a vacuun. 
Therefore, the volume of a pound of steam 


at that pressure is I4-7 X 26.37 = 10.94 cu. 
35-3 


ft. Therefore, since one pound of steam at 
a pressure of 20.6 Ibs. above the atmosphere 
has a volume of 10.9 cu. ft., the volume of 
steam in the cylinder at the point d just be- 


fore release will weigh 1200) 1.16 Ibs. 
10.94 


If the piston makes 224 strokes per min- 
ute (114 revolutions) or 60X 224 strokes an 
hour, the weight of steam used in an hour 
will be 1.16 X 224 X 60 = 15,590 lbs. As 
the engine is developing 796 1.. HP, the 
amount of steam used per 1. HP-hour is. 


= 19.58 lbs. at a pressure of 20.6 lbs. 


per square inch above the atmosphere. 
The same steam was, of course, admitted 
at the initial pressure; neglecting the heat 
conducted away from the pipe leading from 
the boiler, it is also correct to say that 19.58 
Ibs. of steam at boiler pressure, (go Ibs. in 
this case) are required to generate one I. HP 
in the engine under consideration. 
All of the above operations may be indi- 
cated in a simple formula, as follows: 
Pounds of water = 39:47 (P TaD 7) f+ [+ €) 
Where p= pressure measured on card. 
P = mean pressure used in calcu- 
lation of I. HP. 
J = ratio to whole stroke, of stroke 
to point d. 
c = clearance. 
In the case calculated above in detail, p = 


20.6. Ibs., P= 62.6 lbs., f= .926 and c = .06. 
Therefore, 
Pounds of water — (20.6 + 14. T7) (.926 + .06) + -06) 
62.6 ' 
i C35; .986 
— 35-47 A 35:3 X +986 _ 19.72. 


The slight difference between this result 
and that obtained by calculation in detail is 
due to less correctness in the former through 
dropping parts of decimals, and also through 
the use of the sean piston area in calculating 
the horse power. 

As the method given in this article for cal- 
culating steam consumption is only approxi- 
mate, no account was taken of compression 
steam in the cylinder when the valve opens. 
Allowance may be made for this by reducing 
the clearance coefficient in the ratio of the 
compression pressure to the initial pressure; 
that is, if the compression final pressure is 
half the initial pressure, .o3 should be used 
instead of .06 in the above calculation, since 
the clearance space would then take only 
half the amount of steam it would if there 
were no compression. Similarly, if the com- 
pression final pressure is one-fourth the in- 
itial pressure, the clearance coefficient would 
be reduced by .o15,and .o45 would be used 
in the formula; if three-fourths the initial 
pressure, the coefficient would be reduced by 
.045 and become .015. 


—_—_—__.--e__ 


Biographical History of Electricity. 


Owing to lack of space, the section of the 
“ Biographical History of Electricity ’’ writ- 
ten for this issue, is held over and will ap- 
pear in the August number, 
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IN 
PRACTICALELEceiclty 


THE GENERATION OF ELECTROMOTIVE 
FORCE. 


When a man is lifting a weight by haul- 
ing on a rope he does not lose sight of the 
factor which his muscular exertion plays in 
the operation. The velocity given to the 
weight, the friction of the sheave, the ten- 
sion on the material of the rope, or the rela- 
tion between the velocity of the end of the 
rope he is pulling on and of the end to which 
the weight is fastened—none of these makes 
him lose sight of the fact that the force he 
generates is the primal cause. 

The relation between cause and effect is 
not always kept so clear in dealing with 
electricity. We sometimes hear that for a 
high voltage the armature of a dynamo 
should have a high resistance, as if the re- 
sistance itself affected the E. M. F.; or that 
certain designs of dynamos give high E. M. 
F. and certain other designs give large cur- 
rent. The primal function of adynamo is to 
generate E. M. F. and therefore in its con- 
sideration that should be kept distinct from 
current and resistance, as the former is an 
effect whose value inay vary with conditions 
not affecting the generation of E. M. F. 
Therefore, as remarked before, in the genera- 
tor give first place to the idea of E. M. F.— 
in a receiver, to current. 

The simplest conception with which to 
start into the consideration of the generation 
of E. M. F. is the cutting of what has been 
called ’’ lines of force,” by a conductor. As 
will be seen later, we need not confine this 
idea to the case where such lines are cut by a 
moving conductor, for it may also be applied 
to cases where lines are added to or subtracted 
from a circuit by electrical means, as in a 
transformer, where the primary coil cuts 
lines into and out of the secondary coil. 

The idea of lines of force is illustrated in 
Figs. 1, 2 and 3. Fig. 1 is a permanent 
magnet and the dotted lines represent lines 
of force, which always proceed from the 
south half of the magnet, enter the north 
half, and return through the body of the mag- 
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FIG. I.—LINES OF FORCE OF BAR MAGNET. 


net. Fig. 2isa representation of the lines 
of force of a magnet obtained by means of 
fine iron filings, and shows that the lines 
are most dense at the poles or ends of the 
magnet. 

Fig. 3 represents the lines of force about a 
conductor carrying a current. The lines 
here are çoncentriç to the conductor, and 
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their direction is the same as the direction 
of motion of the hands of a clock, if we look 
at the end of the wire in the direction toward 
which the current is flowing; as shown in 


FIG. 2.—I,INES OF FORCE OF BAR MAGNET. 


Fig. 3, the lines go in the opposite direction 
to the hands of a watch as they are repre- 
sented looking against the current. Fig. 4 
is a representation of the lines of force about 
a conductor, obtained by means of fine iron 
filings, and shows that the lines become less 
dense as their distance from the wire in- 
creases, 

If we coil a wire as in Fig. 5, all of the 
lines of force of the conductor will point 
in one direction inside the coil, as shown; 
consequently, the destribution of lines will 
be the same as in Fig. 1, and the coil (called 
a solenoid) will act the same as a magnet. 

For a given current flowing in the coil of 
Fig. 5, a certain number of lines of force will 
result; if a nickel rod is placed inside the 
coil, there will be a larger number, for the 
lines will meet with less resistance in nickel 


FIG. 3.—LINES OF FORCE OF ELECTRIC 
CURRENT. 


than when their path is through air; if iron 
is substituted, the increase of lines becomes 
enornious, the magnetic resistance or reluc- 
tance of air being as much as 2500 times 
that of iron. 

It should be added that the magnetic re- 
sistance or reluctance of iron increases as it 
becomes filled with lines of force, until, when 
highly magnetized, additional current in the 
coil will not add more lines of force than 
would be added if the iron were not present. 
For example, suppose the current in a coil 
to be 1 ampere and the number of lines in air 
and iron 2and 5000 respectively, or in the pro- 
portion of 1 to 2500; then when the current is 
100 amperes the lines would be 200 and 18,000 
respectively, or in the proportion of go to I, 
while when the current became 175 amperes 
these quantities would be 350 and 19,000, or in 
the proportion of only 1 to 54. Any further 
increase of current would merely result in add- 
ing about the same number of lines as if the 
iron were not present. In practice, therefore, 
for each grade of jron there isa point beyond 


10! 


which it would not pay to increase the cur- 
rent in the coil, since the number of lines 
thereby added would be very small in pro- 
portion to the number added for the same 
increase of current at a lower point. If 
greater strength is needed, iron of a larger 
cross section should be used. 

In permanent or tempered steel magnets 
the lines of force always exist, while in sole- 
noids and solenoidal magnets (the latter 
called electro-magnets) an expenditure of 
current is required to maintain the lines. It 
is not practicable, as a rule, however, to use 
permanent magnets in the generation of 
E. M. F., for the reason that they are so 
much more feeble than electro-magnets—an 
electro-magnet being from 6 to 13 times as 
strong as a permanent magnet of the same 
size. 

Whenever a conductor forming part of a 
closed circuit cuts lines of force, an E. M. F. is 
generated in the conductor and a current 
will flow in the circuit. Suppose we have, 
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FIG. 4.—LINES OF FORCE OF ELECTRIC 
CURRENT. 


in an electro-magnet in which there is an air 
gap, as shown, the lines of force generated 
by the coil, of course, crossing the air gap. 
Then if the horizontal conductor of the 
coil is passed through the air gap, an 
E. M. F. will be generating in it correspond- 
ing to the lines of force cut and the time of 
cutting, and causing a current to flow, say, in 
the direction indicated by the arrow; if the 
conductor is withdrawn, it will again cut the 
lines and generate an E. M. F., but one act- 
ing in the opposite direction, causing a cur- 
rent to flow against the arrow. 

The reader will recognize the similarity of 
the above case to that of a dynamo with re- 
spect to cutting lines. In a dynamo the en- 
tire structure aside from the commutator is 
an arrangement whereby to concentrate lines 
of force so that they may be cut by con- 
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FIG. 5.—LINES OF FORCE OF SOLENOID. 


ductors, the armature core itself being essen- 
tially a part of the magnetic structure. This 
will be seen by a glance at Figs. 7 and 9. In 
Fig. 7, showing a Siemens armature, the 
core bridges the space between the poles, its 
function being to narrow down to the lowest 
possible point (owing to its high magnetic 
resistance) the part of the magnetic circuit 
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in air which the armature conductors cut, 
this part being what may be called the 
“ working ” portion of the magnetic circuit. 
The ideal core would be a stationary one with 
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FIG. 6.—CUTTING LINES OF FORCE. 


wires revolving about it, as armature iron 
loss (through reversal of magnetism or hys- 
teresis) would thereby be prevented. In 
practice the core is revolved with the wires 
for obvious mechanical reasons. The same 
remarks apply to the case of Fig. 9, showing 
a Gramme armature, in which, however, the 
lines pass through a curved ‘‘ bridge” instead 
of straight across as in Fig. 7. Here it will be 
seen that the wire is idle in the interior of 
the ring, corresponding to the idle wire on 
the ends of a Siemens drum. Fig. 8 is a 
representation of the magnetic field and of a 
conductor in the gap of a Siemens machine 
(Fig. 7), obtained by means of iron filings. 

The amount of E. M. F. generated in cut- 
ting lines of force depends upon the number 
of lines cut in a given time, as the number per 
second; it therefore follows that the density 
of a field of force may be measured by the 
E. M. F. generated in cutting that field. 
The absolute unit of E. M. F. is thus defined 
as the E. M. F. generated in a conduc- 


FIG. 7.—LINES OF FORCE, SIEMENS ARMA- 
TURE. 


tor which cuts one line of force in one sec- 
ond, and a unit field of force is one contain- 
ing one line per square centimetre or 6.5 
lines per square inch. 

In dealing with lines of force, sometimes 
the entire number present is used in calcula- 
tions and sometimes the number per square 
inch or square centimetre. As an illustra- 
tion, we speak of a piece of iron having a 
tensile strength of 50,000 lbs. per square 
inch, and that a certain piece of such iron 
will require 1,000,000 lbs. of a load to break 
it, the area in this case being, of course, 
twenty square inches. Similarly, we speak 
of cast iron and wrought iron having a 
working density of go0o and 15,000 lines of 
force respectively, per square centimetre 
(58,500 and 97,500 per square inch), mean- 
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ing that these materials will economically 
carry that many lines. In other cases, as in 
referring to the field in the air gap’ of a 
dynamo, the entire number of lines present 
may be used. In the first case the density of 
fiu.c or density of lines is considered, com- 
parable to the tensile strain per square inch 
of the bar; in the second case the fofal flux 
or total number of lines present, is con- 
sidered, corresponding to the entire weight 
the bar, whatever its size, will support. The 
total flux in a dynamo gap may vary from 
1,500,000 lines in a bipolar, 10o-light dynamo, 
up to 3,000,000 lines in each of the gaps of a 
powerful multipolar generator, with density 
in each case of 3000 lines per square centi- 
metre (19,500 per square inch) which is con- 
sidered a good figure for an air gap. 

As an example of the generation of E. M. 
F. we will take the case of a conductor cut- 
ting lines of force in the earth’s magnetic 
field. As is, of course, known, the earth is in 
effect a huge magnet; lines of force proceed 
from the earth north of the magnetic equator 
and enter the earth south of that equator, 
being most dense at the magnetic poles, as 
in the magnet shown in Fig. 2. 


FIG. 8.—LINES OF FORCE, DYNAMO AIR GAP. 


It should here be explained that if we call 
the north seeking pole of a magnet the 
north pole, then the magnetic pole of the 
earth north of the equator is a magnetic 
south pole, since it attracts the north pole of 
a magnet—dissimilar poles of a magnet at- 
tracting and similar poles repelling. 

At Chicago the lines of force proceed from 
the earth at an angle of 72 degs., and to the 
number of .61 to each square centimetre or 
3.96 to each square inch. If a conductor, such 
as the axle of a railway car, cuts these lines, 
their full effect will not be obtained on ac- 
count of their inclination; only the vertical 
component will be effective in the generation 


FIG. 9.—LINES OF FORCE, GRAMME ARMA- 
TURE. 


of E. M. F., the value of this component 
being .579 lines per square centimetre or 3.76 
lines per square inch. 


[Vor. VIII. No. 3. 
Referring to Fig. 10, suppose 4 B to be the 
axle of a railway train running on rails C Æ 
and D F. Suppose further that the train is 
running at the rate of sixty miles per hour 
or 1056 ins, per second. If the gauge of the 
rails is 54% ins. (4 ft. 8% ins.), and since 
there are 3.76 lines to each square inch, when 
the axle travels over one inch, 3.76 X 54.5 = 


FIG. I0.—LINES OF FORCE IN EARTH’S FIELD. 


204.9 lines will be cut, or 1056 X 204.9 = 
216,374 lines per second. 

Now since, as stated before, the electro- 
motive force is measured by the number of 
lines cut per second, in this case the E. M. F. 
generated inthe axle will be 216,374 abso- 
lute units. The practical unit of E. M. F. 
or the volt, is 100,000,000 times larger than 
the absolute unit, so that, dividing the 
former number by the latter, the voltage will 
be .00216, or 2% millivolts—much greater 
than a telephone voltage and corresponding 
to the voltages measured between the ter- 
minals of the large shunt employed with a 
millivoltmeter in the measurement of very 
large currents. : 

It will be interesting to obtain an idea of 
the current thus generated. We will suppose 
the axle to be over a tie-rod, when the cir. 
cuit will consist of the axle, half of two 
wheels, and the tie-rod. For a very rough 
approximation we may assume that the 
metallic resistance of this circuit is equiva- 
lent to a corresponding one of which each of 
the parts is three inches in diameter. Then, 
if the diameter of the wheel is thirty-three 
inches, the total length of the circuit will be 
twice the half-diameter of the wheel + twice 
the gauge, or 142 ins.; referring toa resist- 
ance table, we find the resistance of a 
piece of steel (resistivity = 15.803 microhms) 
of this length and three inches in diameter 
to be ,6§3355 ohm. Dividing the voltage 
found by this resistance we have seventeen 
amperes. The resistance of contact at the 
track, at the tie-rod rail fastenings and at 
the axle bearings, would be, however, very 
many times greater than the calculated re- 
sistance of the metallic circuit, but neverthe- 
less a measurable quantity of current is gen- 
erated in the axle of a railway train in motion, 
the magnetic field of the earth here corre- 
sponding exactly to the field in a dynamo air 
gap, and the axle to the armature wires. 
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A 3,500,000 Voit Electric Shock. 


A daily paper reports that Nikola Tesla has 
received an electric shock from 3,500,000 
volts, with little injury. The skin, the ac- 
count states, was burnt where the current 
entered, and a hole made in a shoe where it 
passed out, but, beyond somewhat of a shak- 
ing up, no other ill results were experienced. 
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Wanted—A Safe Soft Solder Flux. 


In our business we do a great deal of sol- 
dering, and our experience daily impresses 
upon us the desirability of a flux that is non- 
corrosive. We have tried all the fluxes that 
have come to our notice, and while some of 
them are all that could be desired so far as 
their action in producing solid joints is con- 
cerned, all are open to the objection that 
any traces of the flux which may be left on 
the work have a very corrosive action on all 
metallic objects in the neighborhood and a 
detrimental action on the insulation. In re- 
pair work, especially, the surfaces to be 
soldered are usually very dirty and very 
much oxidized, and it is necessary to use a 
great deal of the flux to make the solder 
flow properly. Then when the soldering is 
finished, it is always difficult and sometimes 
impossible to remove all traces of the flux. 
The ideal flux would be entirely inert at or- 

- dinary temperatures, but under the heat of 
the soldering operation it would develop 
sufficient chemical activity to clean the sur- 
faces where it is applied. 

For hard soldering, we already have such 
a flux, namely, borax. What is needed isa 
flux for soft soldering that will be equally 
efficient and non-corrosive. 

BAECHTOLD & PARKER ELECTRIC Co. 


Trouble on an Arc Light Circuit. 


A rather puzzling ‘‘trouble’’ once oc- 
curred in the writer's experience, and it was 
so annoying and difficult of location that an 
account of it is submitted for the benefit of 
any one who may run afoul of it. 

An arc light circuit of fifty lamps tested up 
‘‘open,’’ and, the lineman having found no 
trouble perceptible in the wire of the circuit, 
tests were made to locate a faulty lamp, in 
which the break was assumed to be. Mag- 


A a c 
neto tests narrowed the suspected stretch to 
a portion of the circuit between the two 
farthest apart of three lamps, 4 and C, in the 
sketch; the circuit tested sound beyond lamp 
A, and open toward B, while at C, the break 
was also found to be in the direction of 2. 
An inspection of lamp Æ failed to detect 
anything wrong; the lineman examined the 
wires which connected Æ with the main 
line, without results, and magneto tests at B 
showed a sound circuit in each direction from 
the lamp, and a sound circuit /Arough the 
lamp also! (The lamps were suspended 
from iron wires running diagonally across 
the street from corner to corner, rope and 
pulleys being used to lower the lamps for 
trimming, and flexible stranded wire for 
connecting with the circuit. The lamp was 
lowered to the street for testing, of course. ) 
Repeated tests at 4 and C invariably indi- 
cated a break in the direction of Z, and tests 
at B showed both circuit and lamp to be 
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sound; another lamp was substituted at B, 
without additional developments. Finally 
some one awoke to the fact that raising and 
lowering the lamp might affect the break if 
it was in the flexible connecting wires at B, 
and tests at 4 and C were made with the 
lamp at B lowered; a sound circuit was the 
result, and as soon as B was raised about 
half way the break reappeared. It was found 
to be due presumably toa drop of acid; one 
of the connecting wires was eaten in two, 
the strands of the cable being pointed at the 
break; the insulation was not damaged suf- 
ficiently to break, and presented an appar- 
ently intact condition on the outside. The 
break was half way between the lamp and 
the pole-top, and when the lamp was lowered, 
the wire was straightened so that the pointed 
ends touched; when it was raised the wire 
sagged and opened the circuit. 
SUPERINTENDENT. 


Cutting Action of Steam. 


Do you or any of your correspondents have 
a theory of what causes a fine jet of steam to 
have a cutting action? I have been much 
troubled_with the grooving on globe valve 
seats, and I find that a leak in the steam 
piping system will quickly cut larger. In 
one case, I knew of a Jenkin brass globe 
valve, in which the disk and spindle had 
entirely disappeared, and the end of the 
spindle looked as if a rat had gnawed it off. 
The valve was no more obstruction to the 
steam than a pipe coupling, and the only 
thing that called it to our attention, was the 
fact that coal consumption was suddenly 
increased, caused by the steam blowing out 
through this valve to the sewer. 

The leak was sought for vainly, for a whole 
half-day. Finally one of the helpers tight- 
ened this valve, which he was sure was shut, 
and the spindle turned around in his hand 
and in an instant more blew out. No trace 
of the disk could be found, but the seat was 
badly cut. Now was this caused by an acid 
in- the feedwater, or does not steam have a 


cutting action? 
N. R. RIPLEY. 


Polarity Tester. 


I note with interest the reply in the June 
issue to the query of “L. T.” concerning 
the determination of the positive pole ofa 
dynamo, and take the liberty of suggesting 
the following ‘‘ polarity test ” which I have 
found satisfactory in testing circuits of from 
110 to 6250 volts. As it can be applied in 
two or three minutes, it has an advantage 
over the more complicated magnetic devices. 

In one fluid ounce of glycerine dissolve 
fifteen grains of red iodide of mercury and 
twenty grains of iodide of potassium. 
Dampen a piece of unglazed white paper 
with the solution, and apply it to the poles 
(about one inch apart for 110 volts--higher 
voltage in proportion) for about one minute, 
when the spot touched by the negative pole 
will turn yellow. 

This test can be used on any part of the 
circuit from which leads can be taken and 


‘without placing any additional resistance in 


series. I have tested an arc machine with 
the margin of a newspaper long enough to 
reach across binding posts; of course, the 
paper must be dampened its entire length. 
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The solution is harmless and will keep in 
any temperature, and the materials can be 
obtained of any druggist at small cost. 

J. H. KEIM, Jr. 


The Selection of Iron for Dynamos. 


Your editorial of last month referring to an 
instance of excessive hysteresis losses in a 
motor armature, is especially pertinent at 
this time, as the following facts will show. 
For years past there has been a strong ten- 
dency to substitute steel of various grades 
for iron in all places and for all uses. This 
is owing to improvements in processes for 
making steel, which have made seme grades 
of steel actually cheaper, pound for pound, 
than a high grade of iron. Moreover, for 
most mechanical purposes, steel (of the 
proper grade) isso much better than iron, 
that it is cheaper even at a somewhat higher 
price per pound. Iron track rails are now 
an anachronism, and some leading manufac- 
turers announce in their catalogues that they 
no longer roll structural forms out of iron, 
steel having superseded iron, so far as high 
buildings are concerned. 

This gradual elimination of iron, though 
for the most part an unqualified benefit, 
renders it very necessary for the electrician 
to carefully examine what he buys. The 
magnetic qualities of different samples of 
steel may differ widely, while their mechan- 
ical qualities may agree so well that itis a 
matter of indifference for mechanical pur- 
poses which is used. The degree of perfec- 
tion to which steel casting has been brought 
renders it possible to cast field magnets for 
dynamo machines which are in all respects 
superior to cast iron, and even in some de- 
gree to the common grades of wrought iron, 
yet the electrician who expects to get satis- 
‘factory field magnet castings from any steel 
founder, will be sadly disappointed. 

More particularly is it necessary to have 
iron (or steel if it be used) for armatures, 
exactly right, as the saturation is generally 
higher in armatures, besides which the 
rapid reversal of polarity renders the effects 
of hysteresis more serious, although the 
presence of hysteresis is by no means a 
matter of indifference in the field magnets of 
constant -potential machines. Hysteresis 
means that the saturation curves for rising 
and falling magnetizing forces are different, 
and therefore, where the difference is con- 
siderable, a machine can not be compounded 
to regulate accurately for change of load. 

But to return to the armature; pursuant to 
the general tendency, the sheet iron of com- 
merce, including the ‘‘ pure charcoal iron ” 
in many instances, has become steel. Even 
tin plates are now made of steel, and the 
only certain way to get genuine charcoal iron 
is by special order from reliable manufactur- 
ers. Some dynamo builders use sheet steel 
for their armatures and find it satisfactory, 
but the general run of sheet steel on the 
market is entirely unfit for the purpose. 
Some kinds of steel, owing to the process of 
manufacture, are much more liable to con- 
tain notable quantities of manganese than is 
iron, and of all known substances manganese 
is the most detrimental to the magnetic qual- 
ities of iron, Asis well known, not only does 
it decrease the permeability of the iron, but 
it also increases the hysteresis enormously. 

TOWNSEND WOLCOTT. 


19. How can one tell the allowable current 
from the size of the armature wire ? 

Determine the size of wire and the total 
number of circuits among which the arma- 
ture current is divided. Determine also 
whether each path consists of a single wire 
or of two or more wound as one. From a 
wire table, find the number of ‘‘ circular 
mils ” in the wire used, multiply by the total 
number of wires in parallel, and divide 
by 600. The result is about the number of 
amperes the armature can probably deliver 
without excessive heating. : 

20. Why do you divide by 600 ? 

Because experience shows that 600 circular 
mils per ampere is about the smallest size of 
wire allowable. This figure varies in dif- 
ferent cases from 325 to 650. 


21. How can one tell the number of paths for 
the current in an armature ? 

In a two-pole machine the current divides 
into two equal parts, each side carrying half. 
In multipolar machines having an even 
number of commutator segments, the nut- 
ber of paths in the armature is the same as 
the number of poles in the field. If the 
number of commutator segments is an odd 
number, such as 95 or 101, the armature has 
a two-path winding. Alternator armatures 
have either a single or double path, the 
double path being indicated where the leads 
to the collecting rings come from opposite 
sides of the armature. 


22. In starting a shunt dynamo, should the - 


main line switch be closed before the machine 
1s up to voltage or after ? 

If the machine is working on the same 
circuits with other machines or with a storage 
battery, it is, of course, necessary to make 
the voltage of the machine equal to that on 
the line before connecting it in. If the ma- 
chine works alone, the switch may be closed 
either before or after the voltage comes up. 
The load is thrown on suddenly if the switch 
is closed after the machine is up, thus caus- 
ing a strain on the belt, and possibly draw- 
ing water over into the engine cylinder. On 
the other hand, if the switch is closed before 
the voltage of the machine has come up, the 
load is picked up gradually, but the machine 
may be slow or even refuse to pick up at all. 


23. Why does a shunt machine pick up more 
slowly if the main switch is closed first ? 

Because the resistance of the main line is 
so much less than that of the field that the 
small initial E. M. F. due to the residual 
magnetism causes a much larger current in 
the armature than in the shunt field. If 
this is too large, the cross and back magnet- 
izing force of the armature weakens the field 
more than the initial field current strengthens 
it, and so the machine cannot build up. 


24. [fa shunt dynamo will not pick up, 
what ts likely to be the trouble ? 

The speed may be too low; the resistance 
of the external circuit may be too small; the 
brushes may not be in the proper position; 
some of the electrical connections in the dy- 
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namo may be loose, broken or improperly 
made; the field may have lost its residual 
magnetism, 


25. How can one tell tf the speed ts too low? 

The proper speed is usually stamped on 
the nam:plate of the machine or on one end 
of the armature shaft. If not marked on the 
machine, it may be found in the catalogue 
of the manufacturer. Otherwise it may be 
estimated as indicated in sy. (AMERICAN 
ELECTRICIAN, June, '96, p. 6S) The actual 
speed of the armature may be measured by a 


revolution counter and watch,or by a tachom- 
eter, the sharp end of the spindle of the in- 
strument being held against the end of the 
armature shaft so that the two revolve at the 
same speed. Sometimes a convenient way is 
to count the engine speed by one's fingers, 
as suggested in /lectrical Industries, March, 
1895, page 78, and then get the dynamo 
speed by multiplying the enyine speed by 
the ratio of diameters of engine and dynamo 
pulleys. 

26. How can one tell whether the brushes 
are in the proper positions ? 

Most shunt dynamos, except Edison ma- 
chines, should have the brushes touch the 
commutator at points opposite the space be- 
tween the pole pieces as indicated in the 


figure. Care should be taken that the 
brushes make good electrical contact with 
the commutator. Sometimes the armature 
has so much end play that the brushes make 
poor contact, a temporary remedy for this 
being to hold a stick against one end of 
the armature shaft so as to stop end play 
until the machine has picked up. Care 
should be taken also that the springs press 
the brushes firmly but flexibly against the 
commiutator. 

27. How are the brushes of an Edison dy- 
namo placed ? 

The brushes of an Edison dynamo are 
placed almost opposite the middle points of 
the pole pieces. This is because the com- 
mutators are practically set around one 
quarter turn, so that a given coil of the arm- 
ature is not connected to the commutator bar 
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directly opposite, but to one ninety degrees 
ahead. This is simply to bring the brushes 
into a more convenient position. 


28. Should the brushes of a dynamo be in 
the same position witha large load as with 
a small load. 

Some machines are so designed that no 
shifting of the brushes is necessary. Usually 
the brushes must be moved forward, in the 
direction the armature rotates, as the load be- 
comes larger. This is to reduce the sparking. 

29. How can one tell if the resisfance of 
the external circuil ts too low ? 

The machine will build up its voltage if 
the main circuit is open, as indicated in Fig. 
26; but will not build up if the main line is 
closed. The reasons are given in 22 and 23, 


30. Whal electrical connections inthe shunt 
dynamo are liable to become loose or broken ? 

The connecting screws at binding posts 
and elsewhere are liable to jar loose, and 
should, therefore, be tried about once a week 
with a screw-driver or wrench. The termi- 
nals of the fine wire of the shunt field coils ` 
of some machines are liable to be easily 
broken. Sometimes the connections between 
the armature wires and commutator become 
loose or broken. A frequent source of 
trouble is poor contact between the arm and 
segments of the regulating rheostat; this 
can be tested while the machine is running, 
but not working, by touching the ends of 
a short wire to the terminals leading to the 
rheostat so as to short-circuit it for a mo- 
ment; if the trouble is in the rheostat, the 
machine will come up to voltage quickly 
when the rheostat is thus cut out. Some- 
times the ends of the brushes get coated 
over with oil and dirt so as to make poor 
contact. In some machines oil is liable to 
get into the brush holder and connections, 
and so increase the resistance of the contact 
between the different parts. Tr uble is less 
likely to occur from poor contacts if the ma 
chine is kept clean and all connections tizht 


31. How are improper connections liable to 
occur in a dynamo ? 

When the machine ts first set up or after 
repairs, the connections between the arma- 
ture and the fields are liable to get reversed; 
the field coils may be connected so as to 
oppose rather than assist each other; the 
machine may be short-circuited. Short cir- 
cuits are also liable to occur by accident or 
carelessness after the machine has been run- 
ning all right. 

Note. Question 11. in the June number, 
through a printer's transposition, read ‘‘How 
does the shunt of a field dynamo pick up?” 
instead, as written, How does the fleld of a 
shunt dynamo pick up? 

— e 

Depreciation of Electric Light Plants.—In a 
recent address, Mr. M. J. Francisco, ex- 
president of the National Electric Light As- 
sociation, gave some figures as to the depre- 
ciation of electric light plants owned by 
municipalities. Wabash, Ind., paid $18,000 
for an outfit, and after six years sold it for 
$3000. Xenia,O., paid $35,000 for a plant and 
after eight years sold it for $10,000. Moline, 
I1}., paid $15,000, and after four years sold it 
for Sooo. Oxford, O., paid $25,000 for a 
plant, and now they say they can replace it 
for $12,000. Michigan City, Ind., paid 
$10,000 for a plant and sold it for $25cọ, 
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Cana straight wire moving in a magnetic field 
have any current set up in it? M. S.G. 

Yes, if the magnetic field is one of vary- 
ing force with respect to the length of the 
wire. In this case the distribution of poten- 
tial along the wire will vary, which varia- 
tions will cause current to flow. 


Cana coil be cut out of a T.-H. F 30 motor arma- 
ture without disabling the motor? S.S. 

In an emergency a defective coil can be 
cut out and a conducting wedge driven be- 
tween its two terminal commutator bars. If 
necessary in order to return to the car barn, 
several coils may thus be cut out, but this 
should only be done in an emergency. One 
or both ends of the defective coil should, of 
course, be disconnected. 


t. Is hard fibre affected by paraffine oil? 2. 
What cement is used with this material? 3. Can it 
be softened so that a ‘‘ bead” may be worked on the 
end of a tube? Iask this information in order to 
know if hard fibre is suitable for induction coils, 

M. L.S. 

1. Hard fibre is unaffected by submer- 
sion in paraffine oil, and will remain indefi- 
nitely in the oil without injury. 2. There 
is no cement that will hold fibre with abso- 
lute security. 3. Fibre can be softened by 
soaking in water. It will swell slightly, but 
upon drying will be as hard and of the same 
size and shape as before. 


Does any current flow in an alternating current 
open circuit? M. S.G. 

Yes, an amount due to the capacity of that 
circuit. The wires actas a condenser, and 
as the voltage rises and falls, they are 
charged and discharged in the same manner 
asa condenser. The current passing sup- 
plies the static charge, and therefore is 
greatest at the dynamo binding posts and 
becomes zero at the end of the line. The 
mean current flowing is, however, extremely 
small, except in the case of concentric con- 
ductors. Besides, inductance in the circuit 
tends to neutralize this capacity current. 


What size of wire is best for the secondary of in- 
duction coils? Different authorities give from No. 
30 to No. 40. A. T. 

The size of wire depends upon the pur- 
pose for which the induction coil is to be 
used. If intended merely to get a long 
spark, No. 40 wire will be the better, as a 
greater E. M. F. may be obtained from the 
same space occupied than with a larger wire. 
If, on the other hand, a ‘‘fat’’ spark is re- 
quired, the wire should be correspondingly 
large. For vacuum discharges, No. 30- is 
much better than No. 40, though with the 
former the dimensions of the coil is greater. 


How are storage batteries connected for street 
railway use? E. J. B. 

The battery is connected between the dy- 
namo terminal (or between the line and 
ground), usually, in series with a booster 
(dynamotor). The dynamo end of the booster 
is of sufficient current capacity to carry the 
maximum storage battery current. Its fields 
age excited with the main line current, and 
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when this current is light, the booster voltage 
is low and the line voltage, overpowering 
the combined booster and battery voltage, 
charges the battery; when the line current 
is heavy, the booster voltage rises, and the 
combined booster and battery E. M. F. be- 
conies sufficient to force current into the line. 
The same result can be accomplished by 
automatically varying the number of cells 
between the terminals. 


How munch stronger is an electro-magnet than a 
permanent magnet? S. L.C. 

The number of lines of force per square 
inch carried by a magnet is a measure of its 
strength. In permanent magnets the num- 
ber of lines varies from 10,000 to 16 009 per 
square inch, the latter figure having been ob- 
tained with Marchal steel. With ordinary 
commercial steel, the strength may fall con- 
siderably below 10,000 lines. The strength 
of an electro-magnet varies, of course, with 
the exciting current and the magnetic qual- 
ity of the iron core, but good soft iron mag- 
netized to its usual working limit carries 100,- 
ooo lines per square inch. With sonie grades 


of iron and a very high magnetization, this 


figure may attain over 130,000 lines. If, 
then, we have two horseshoe magnets of 
identical shape, but one made of permanent 
steel and the other of good soft iron wound 
with a coil and supplied with the proper cur- 
rent, the latter will lift from 6 to 10 times as 
much as the former. 


What causes a transformer to deliver the voltage 
of a grounded arc circuit into a building? J.T. L. 

Such an occurrence would appear to be 
very unusual. It may happen, however, 
under the following circumstances: 1. The 
arc circuit is grounded; 2. One leg of the 
arc circuit is crossed on one leg of the pri- 
mary; this cross may occur through the arc 
line being grounded on a transformer in 
which the primary is grounded on the case. 
3. The primary is grounded on the secondary 
in the transformer, either directly or through 


the transformer case. While this will de- | 


liver the arc voltage into a house, it will 
also deliver the primary alternating voltage. 
This is made plain from the accompanying 
sketch: 


A — “ K 


= ad 


A person at SS will experience, by touch- 
ing, for example the part of a base of a lamp 
which projects from a socket: 1. The arc 
voltage through the circuit 4d A/G FCA; 
2. The alternating voltage through the cir- 
cuit 4d A /andHFEDCBR. A source 
of danger in alternating lighting is illus- 
trated by the upper sketch, if we suppose 
the alternating circuit directly grounded at 
F, instead of indirectly grounded through 
the arc circuit. To guard against this dan- 
ger, the manager of a certain large alternat- 
ing station grounded the seccndary in his 
residence through a device that would ring 
a bell if the conditions abọye referred to 
should arise, 


THE LOUNSBURY ELECTRIC CHAIN HOIST. 


In the chain hoist shown in the accom- 
panying illustration, the motor frame, coun- 
tershaft bearing and chain sheave are in one 
piece of solid steel casting of high tensile 
strength. The motor, it will be observed, 
is thoroughly encased so as to be absolutely 
moisture and dust proof, and the bearings are 
self oiling, requiring attention only about 
once a month. The worm gearing is also 
enclosed and runs in a bath of oil; the thrust 
of the worm is taken 


by hardened steel 
ball bearings. The 
hoist is suspended 
from an ordinary 
hook, as seen in the 
illustration < wires 
connected with the 
motor run to a re- 
versing switch 


placed at any con- 
venient point in the 


nel gh borhood of 
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VETTER CURRENT- 
TAP. 


LOUNSBURY 
HOIST. 


the hoist, at which there is also located an 
ordinary rheostat. By means of these the 
operator controls the current so as.to give 
the motor any desired speed. With the 
smallest hoist made, the control is so ef- 


ficient that a weight of 2000 lbs., can be 


stopped when raised or lowered within a 
small fraction of an inch. A raw-hide 
pinion on the motor shaft makes the 
gearing noiseless in operation. The manu- 
facturers of the hoist, which is made 
in three sizes having a lifting capacity of 
2000 lbs., 3500 Ibs. and 5000 lbs., respec- 
tively, are Lounsbury & Company, 225 West 
Twelfth Street, Chicago, IN. 


A CURRENT-TAP FITTING. 


The fitting illustrated herewith will be 
recognized by electricians as a much 
needed addition to the list of incandescent 
lamp fittings. As will be seen, it consists of 
a plug adapted to screw into a lamp socket; 
the displaced lamp is screwed into the 
socket end of the plug, and current may be 
tapped from two pairs of connections on the 


side of the plug for any desired purpose, 
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Many offices are supplied with only one or 
two single wall brackets, and the use of a drop 
light or fan motor generally means the loss of 
the lamp, through its being displaced by a 
socket plug. The tap illustrated, however, 
leaves the lamp where it is, and carries the 
current to any desired point; thus, from a 
single wall bracket there can be obtained by 
means of the tap, a wall light, a drop light, and 
current for a fan motor. It is particularly 
convenient for the sick room, and useful in 
factories or workrooms, where a good light is 
needed directly over an object somewhat re- 
moved from the lamp bracket, without losing 
the light from the lamp bracket itself. The 
physician who has the incandescent current 
in his office can, by means of the current 
tap, easily be provided with a portable hand 
lamp for diagnostic illumination. 

The fitting, which is known as the Vetter 
current tap, is made by J. C. Vetter & Com- 
pany, 140 East Twenty-third Street, New 
York. 


INDICATOR CARD PLANIMETER. 


The laborious and inaccurate method of 
calculating indicator cards by means of or- 
dinates has been entirely discarded in favor 
of the planimeter aboard marine vessels and 
elsewhere where cards are taken at frequent 
intervals, Many engineers who now neglect 
their indicator on account of the labor of 
working up cards by the old method, if 
possessed of a planimeter enabling a card to 
be accurately calculated in a few minutes by 
a mere mechanical manipulation, would find 
a bothersome task so lightened that they 
would no longer find excuses to put it aside. 

The planimeter we illustrate has been 
specially devised for indicator card work 
and gives the mean pressure direct, each in- 
strument having scales corresponding to 
twelve springs ranging from eight pounds to 
eighty pounds, The wheel has a knife edge 
and is free to move on its shaft, so that there 
can be no slipping on the surface upon 
which it travels, giving the same results 
when used upon the roughest table as upon 
the finest paper. 
ing on its periphery, it slides on its bearing, 


Instead of the wheel slid- 
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sealed, thus preserving the scale from any 
atmospheric deterioration. 
This instrument, which is known as the 


INDICATOR PLANIMETER. 


Lippincott planimeter, is made by the Hine 
& Robertson Company, 86 Cortlandt Street, 
New York. 


THOMSON ARC CIRCUIT AMMETER. 


The standard instruments which the Gen- 
eral Electric Company has lately placed upon 
the market include the Thomson arc circuit 
ammeter, which is illustrated herewith. This 
isa high grade instrument for switchboard 
purposes and is mounted upon a black enam- 
eled metal base, with the cover, binding 
posts and screws of bright nickel. It meas- 
ures over all 8 ins. X 8 ins. 


The qualities claimed for this instrument — 


are its high degree of accuracy, its perma- 
nent reliability for service, together with an 
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ARC CIRCUIT AMMETER. 


which is a glass shaft practically frictionless. 
Inside the shaft is placed the scale, printed 
on specially prepared paper so that the 
greatest contrast and legibility may be se- 
cured; the ends of the shaft are hermetically 
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both services. Permanency of calibration is 
obtained by the elimination from the instru- 
ment of any parts liable to change. Each 
ammeter is provided with a 
self-contained polarity indi- 
cator consisting of two sig- 
nals—the white showing 
under normal conditions, 
the red on reversal, the latter 
remaining in sight until the 
current passes through the in- 
strument in the proper direc- 
tion. 

The ammeter may be used 
for front or for back connec- 
tions, connection posts and 
studs being furnished as con- 
ditions require. . 


NEW TYPE OF MULTIPOLAR MOTORS 
AND DYNAMOS. 

The accompanying illustration shows a 
recent type of multipolar motor with a frame 
designed to admit of the machine being oper- 
ated in any position. By means of the ad- 
justable base used, the motor may be bolted 
to the wall, ceiling or in any position where 
most convenient, or where the space occu- 
pied is of no consequence. 

This type of machine is constructed with 
self-oiling bearings, steel pole pieces with 
pole shoes, and iron-clad toothed armature 
with interchangeable coils. The armature 
is so designed and the distribution of the 
magnetic field is such, that the machine, it is 
claimed, is absolutely sparkless, and changes 
may he made from no load to overload with- 
of the brushes, Carbon 
brushes are used and the brush holders are so 
constructed that when the brushes are once 
fitted, no further setting is required until they 
The heating limit has 
been given special attention, and the ma- 
chines will operate twenty-four hours con- 
tinuously at full load without undue heating 
or sparking at the brushes, and without the 
temperature of the fields exceeding 44 degs. 


out adjustment 


have to be renewed. 
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MULTIPOLAR MOTOR. 


absolute dead beat movement of the pointe 

The scale is long and may be clearly read 
from a distance. One ammeter may be used 
for either half or full arc circuit, the divisions 
being wide and the calibration marked for 


F., and the armature 75 degs. F., above that 
of the surrounding air. They are built in a 
number of sizes, from '3 to 5 HP and for both 
slow and medium speed. The dynamos of 
the same type are of a capacity from gto So 
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lights. The machine illustrated is of 2-HP 
capacity and runs at 1200 r. p.m. The type 
of automatic starting rheostat used with the 
motors is shown in the cut mounted above 
the motor. 

The machines are known as type “D,” 
and manufactured by the E. & C. Electric 
Company, Cleveland, O. 


THE ROYAL TRANSFORMER. 


The transformer illustrated herewith, of 
the Royal Electric type, is built for 1000 
and 2000-volt circuits and 100 and 50-volt 
secondaries, and for a frequency of 16,000 
alternations (133 periods per second). The 
core has a small magnetic circuit, and the 
winding has ample cross-section, so that the 
regulation is good and the internal losses 
small. ‘The coils are heavily insulated from 
each other and from the core, and carefully 
built. On account of the frequent call for 
fuses located in the transformer, besides a 
separate fuse block, fuse plugs are provided 
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in the transformer boxes, extending from 
the front to the back of the box. The fuse 
itself is about four inches in length. The 
fuse plug is provided with an insulating 
handle which extends to the outside of the 
box. It is, however, protected in a water- 
proof manner by the two spheres shown on 
the transformer front, which are held firmly 
above the handles by the thumb screw, 
located centrally between them. This screw, 
which is enlarged at the end so that it can- 
not be bodily removed from the box, will 
allow, when loosened, the spheres to be 
turned around it as the axis, and thus give 
access to the fuse plugs. These latter are 
removed without incurring the slightest 
danger from electric shock. 

The above transformer is manufactured 
by the Royal Electric Company, Peoria, Ill., 
whose alternator was illustrated in the June 
issue. 


A THIRTY-FIVE MILE ELECTRICAL 
POWER TRANSMISSION PLANT. 


One of the most interesting electrical 
transmission plants in the United States has 
recently been completed at Fresno, Cal. The 
generators are run by Pelton wheels supplied 


with water under the enormous head of 1600 
ft., the water being led to the power house 
by a steel pipe line 4100 ft. long, and 22 ins. 
in diameter at the lower end. 

The water wheels are of the impulse type. 
each capable of developing 500 HP at 600 
r. p. m. under a working head of 1400 ft., 
corresponding to a pressure of 610 lbs. per 
square inch. Separate wheels are provided 
for the exciters. 
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and is thus the longest commercial electric 
power transmissionin the world. The line is 
strung on special high tension porcelain insu- 


‘lators, which were tested under 27,000 volts 


alternating before use. The poles are of 
square redwood, 35 ft. long, set 6 ft. into the 
ground and fitted with three heavy cross 
arms and one small cross arm for telephone 
wires. 

The sub-station at Fresno is almost in 


POWER HOUSE—FRESNO PLANT. 


The electric plant consists of three 
General Electric three-phased generators, 
each of 350 Kw capacity at a speed of 600 revo- 
lutions. The armatures are directly connected 
to the water wheels by insulated flange coup- 
lings. The exciters used are of the slow speed 
multipolar type. The current from the gen- 
erators is delivered to six 125-KW step-up 
transformers of the air blast type, with secon- 


the center of the business portion of the city, 
and isa brick structure 55 ft. X 45 ft. The 
high pressure circuits entering the house are 
brought to nine step-down transformers, also 
of the air blasttype. Three of these are of 
125-KW capacity, and reduce the pressure to 
200 volts; three of 75-kw capacity with 
secondaries of a 1000 volts; and three are of 

The 11,200-volt circuit, consisting of six 
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GENERATOR ROOM—FRESNO PLANT. 


daries wound for 11,200 volts, to which 
pressure the current for the transmission line 
is raised. From the transformers, the cur- 
rent passes to a polished marble switchboard, 
consisting of six panels, three of which are 
generator panels, one an-exciter panel and 
the other two for operating the combina- 
tion of the six transforiners. 

through wheat fields and vineyards and fol- 
lows a special right-of-way and wagon road 
for the entire distance. The total length of 
the transmission line from the power house 
to the sub-station is little short of 35 miles, 


bare copper wires, crosses the San Joaquin 
River with a span of 275 ft. wide, and is then 
led up the mountain for a distance of 
about 2000 ft. The line continues for about 
ten miles through a rolling, hilly country, 
is easy of access and atall times below the 
snow line; the rest of the distance the line runs 
over a flat country, and near Fresno passes 
40-KW capacity, reducing the pressure to 3000 
volts. In addition to these transformers, the 
station also contains two 8o-light Brush arc 
machines directly driven by two 60-HP, three- 
phased induction motors. 


nt ae 


tog 


The system of distribution from the sub- 
station is divided up into three networks. 
The first is a 200-volt, four-wire, low-tension 
network, which covers the business portion 
of the town, and has an initial capacity of 
6000 16-CP incandescent lamps. The second 
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ing provision for lubrication and the at- 
tendant evils accompanying the use of 
oil. The cylinder is made of hard steel 
sheathed with a coating to insure the best 


contact. The most notable advantage of 
this form of trolley contact, however, is that 


SWITCHBOARD—FRESNO PLANT. 


is a 1000-volt, three-phased system covering 
the residence districts of the town, and hav- 
ing an initial capacity of 4000 16-cP incan- 
descent lamps. The third is a 3000-volt, 
three-phased circuit designed to furnish 
current to the numerous vineyards and wine- 
ries within a radius of ten miles from the 
sub-station, for both lighting and power pur- 
poses. Motors will also be furnished with 
current from both the 200-volt and 1000-volt 
circuits. 


THE NEW WALKER TROLLEY. 


On many European street railways, in- 
stead of the trolley wheel heretofore exclus- 


NEW WALKER TROLLEY. 


ively used in this country, a long 
horizontal cylinder mounted on 
the end of the trolley arm has 
been preferred, among others Dr. 
John Hopkinson, the eminent 
English authority advocating this 
form. Recently the Walker Com- 
pany, of Cleveland, O., has adopt- 
ed this type of trolley contact, and 
will hereafter employ it exclusively 
on its equipments. 
The illustration very clearly 
shows the principle of the trol- 
ley. The long horizontal contact cylinder 
is mounted on ball bearings, thus obviat- 


the cylinder or roller cannot leave the trolley 
wire, and no provision for special switches 
is required. The first named advantage is 
of particular weight where roads have heavy 
grades, or where there is a high-speed serv- 


ice. Not requiring any lateral motion, the 
rod is maintained rigid laterally, but this 
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to reverse the motion of the car. By simply 
pulling down the trolley arm, a suitable 
niechanism unlatches the support at the 
base, thus allowing it to be swung around; 
when brought to its reversed position, it 1s 
again latched. 


ECONOMIZER FOR RETURN TUBULAR 
BOILERS. 


The boiler attachment shown in the ac- 
conipanying illustration is designed to utilize 
the intense heat that with the ordinary 
boiler setting is radiated and absorbed by the 
heavy brick work, in time cracking open 
the walls and arch and thus permitting cold 
air to rush in to cool the furnace gases and 
spoil the draught. The attachment also 
s2rves as a feed-water heater, and by adding 
to the heating surface further improves 
economy of operation. 

The attachment consists of headers con- 
nected with tubing, the latter, G, bent in the 
form of an arch as shown in the illustration. 
The ends of the upper headers, //, rest upon 
the side walls, and the lower header, Æ, is 
supported by the rear wall. The bottom of 
the upper header is set even with the top of 
the upper course of flues of the boiler, and 
the header connected with the boiler by a 
pipe, /, passing through the boiler head just 
below the low water line. 

A mud trap, Z, is set in the furnace wall 
below the arch support or heater, and a pipe 
connection, C, made from the side to the 
bottom of the boiler, and another, Æ, from 
the top to the bottom header of the heater; 
a blow-off pipe leads from the bottom of the 
trap. The feed-water pipe, D, is connected 
to the last named pipe. The small pipe, /, 
connecting the top headers with the boiler 
steam space is an equalizer pipe. An interior 
pipe discharges the water a little forward of 
the boiler. 

The construction allows the water to al- 
ways flow instantly to the hottest point, and 
the opening from the upper header is ample 
in size to discharge the volume of rapidly ris- 
ing water and steam. It is claimed that the 
attachment makes the arch and rear walls as 
tight asa drum head, and that the constant 
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C. & B. BOILER ATTACHMENT. 


does not interfere with the freedom of turn- 
ing the trolley around when it is necessary 


circulation of water through the heater ab- 
sorbing the heat, the mortar with which the 


Jury, 1896.] 


bricks are set does not even crack. Conse- 
quently there is never a leaky tube, a cracked 
wall, bad draught or burned out arch to re- 
pair. The water in the heater being in small 
quantity, becomes heated much more rap- 
idly than in the boiler, causing the water 
and steam to rise rapidly and set up a 
circulation from the bottom of the boiler 
through the attachment back into the 
boiler. No deposit forms in the boiler, 
as by gravity and circulation it is carried 
down the connecting pipe into the mud 
trap, from which it is blown out, with the 
loss of a small fraction of the amount of 
water lost by the usual mode of ‘ blowing 
out,” thus further increasing economy of 
water and heat. With ordinary constant 
feed the economizer more than heats the 
water to the steam point. 

The boiler attachment described is made 
by the C. & B. Attachment Company, 10 
Warren Street, New York. 


PAPER LAMP SHADES. 


A paper shade for incandescent lamps has 
recently been placed upon the market, de- 
signed for temporary use on occasions when 
ornamental decoration is an object, and also 
for permanent employment in order to pro- 
tect lamp globes from dust, dirt and flies. 


PAPER LAMP SHADE. 


The shade, which is shown in the accom- 
panying illustration, is of handsome shape 
and made in eight different colors; when in 
place on a lamp it has the appearance of a 
porcelain lily. Their cheapness and attrac- 
tive appearance commend them, as well their 
simplicity of application. The shades are 
made by A. A. McCreary, 136 Liberty Street, 
New York. 


A ROCKY MOUNTAIN TRANSMISSION PLANT. 


One of the first power transmission plants 
installed in this country was that of the 
Virginius mines of the Caroline Mining Com- 
pany at Ouray, Colo., and its operation since 
1891 has been continuous. 

The Virginius mines are situated near the 
summit of Mount Sneffles, in a region of per- 
petual snow, some 12,700 ft. above the level 
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of the sea, or 5000 ft. above the timber line. 
They consist of some mines rich enough to 
repay mining under the most adverse cir- 
cumstances, and of others containing a low 
grade of ore, which could not be mined 
profitably without cheap power. This power 
is derived from the water of the Red Canon 
Creek, which is brought through a pipe line 
4000 ft. long to Pelton wheels which drive 
General Electric bipolar dynamos, the work- 
ing head being 485 ft. The transmissicn 
line passes first through dense timber, then 
over rocks and chasms and heavy snow 
drifts until it reaches the mine four miles 
away from the power house. The current 
is direct and the voltage Soo volts. The 
motors drive hoists, pumps, blowers, stamp- 
ing mills, drills,and an order has recently 
been given the General Electric Company, 
which put in the original plant, for an 800- 
volt two-motor mining locomotive for haul- 
ing the silver ore laden wagons in the mine. 

Access to the mines in winter is impossible, 
and‘in summer extremely difficult, and before 
the adoption of electricity the Caroline 
Mining Company was paying £18 a ton for 
its fuel, the daily expense of this item 
amounting to over $100 a day. The amount 
of power now used is double that formerly 
supplied by the superseded steam plant, and 
the saving probably more than repays the 
cost of the plant every year. Mr. A. E. 
Reynolds, the manager, recently said ‘‘Prob- 
ably the most forcible way in which I can 
explain the advantage of this plant is to 
state that without it, it would be impossible 
to operate the mines, as our expenses would 
be prohibitory.”’ 


AN ELECTRIC POWER FACTORY. 


The new factory of Tiffany & Company at 
Forest Hills, N. J., will be operated entirely 


by electricity, not a steam-driven machine — 


to be employed beyond the limits of the 
power house. The present factory and force 
at 53 Prince Street, New York, will be moved 
out as soon as the electrical apparatus is ïn- 
stalled. The electrical plant will consist of 
two 125-HP, 250-volt General Electric dyna- 
mos, which will furnish current to more than 
twenty motors scattered through the build- 
ing. This will be 300 ft. long in front, and 
will have three wings, each 100 ft. long, 
extending back of the main building. Of 
these motors some will be attached directly 
to the machines, and will drive a number of 
belts from a shaft. The electrical system of 
power distribution, in the Tiffany factory, 
has been adopted as more economical and 
desirable than any other known method, 
and only after careful calculation and com- 
parison with the results obtainable from a 
distribution of power to shafting by belts 
from steam engines. 


HIGH AND LOW VOLTAGE. 


During a recent discussion in England on 
220-volt lamps, one of the speakers interest- 
ed in the alternating current system, said 
jt was rather amusing that the low-pressure 
men had now to confess that high pressure 
was right. He considered, however, that 
low-pressure men were attempting to give 
high pressure upon a perfectly inflexible 
system. 
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Mr. Ludwig Gutmann was married to Miss Emma 
Wilkins at Chicago, June 24. Mr. Gutmann, who is 
a graduate of one of the German universities, is at 
present electrician of the Royal Electric Company, 
Peoria, Ill. 


Mr. Wm. D. Ray, general manager of the Everett 
Railway & Electric Company, Everett Wash., was a 
recent visitor in Chicago. Mr. Ray reports business 
looking up in his state and believes that the pros- 
pect for electrical business is encouraging. 


Mr. Cyrus Robinson has resigned his position as 
manager and engineer of the Jeffrey Manufacturing 
Company, of Columbus, O., and taken charge as 
general manager of the sales department of J. H. 
McEwen Manufacturing Cempany, 26 Cortlandt 
Street, New York. 


Mr. Seirio Mine, electrician for the Department 
of Communications of the Government of Japan, is 
on a visit to the United States for a five months, 
professional tour, during which he will make a 
technical study of American methods in electrical 
engineering and street railway systems. 


Mr. L. W. Kingsley, secretary of the Mica Insu- 
lator Company, recently sailed on the steamship, 
“St. Louis,” fora trip abroad, where he will spend 
considerable time sight seeing, as well as looking 
after the affairs of his company in Europe, at whose 
newly equipped factory, located at Stoke-Newing- 
ton, London, upward of too hands are now em- 
ployed. 


Mr. Michael J. Sullivan, widely known as an 
electrical journalist, died in Washington, D. C., on 
June 12, of appendicitis. Mr. Sullivan was at one 
time editor and proprietor of the late Street Railway 
Gazette and more recently represented the Electrical 
World as its Western manager. A man of brilliant 
parts and genial personality, his untimely death is 
deplored by hosts of friends. 


Dr. Frederick Bedell, of Cornell University, was 
married to Miss Mary L. Crehore, daughter of 
the late John D.Crehore, of Cleveland, O., in St 
George’s Church, London, England, on July r. Dr. 
Bedell is one of the foremost representatives of 
American electrical science. His treatise on alter- 
nating currents is widely used in college courses and 
has been translated into German and French. 


Lieut. S. Dana Greene, assistant general man- 
ager of the General Electric Company, was married 
in Batavia, N. Y., on June 25, to Miss Cornelia Chan- 
dler, daughter of the late Rear Admiral Chandler, 
of the United States Navy. Lieutenant Greene 
‘himself comes of a family distinguished in naval 
and military history. His father was second in 
command of the Monitor during its engagement 
with the Merrimac, and in full command during the 
greater part of the battle, owing to the disablement 
of Captain Worden, shortly after itscommencement. 


Lieut. Manning K. Eyre has been promoted to the 
general managership of the Edison lamp factory, 
at Harrison, N. J., the duties of which position he 
has been discharging for some months since the 
resignation of Mr. Francis R. Upton. Lieutenant 
Eyre has arrived at this important position through 
successive steps of promotion during the past three 
years, starting from a minor position in the lamp 
selling department. Besides possessing executive 
ability of a high order, much of his success has 
undoubtedly been due to sterling personal qualities 
which command the good wishes of all with whom 
he comes in contact. 


NEW BOOKS. 


SOMETHING ABOUT X RAYS FOR EVERYBODY. By 
Edward Trevert. Lynn. Bubier Publishing Com- 
pany. Paper covers. 78 pages. Price, 25 cents. 

This pamphlet contains a compilation of odds and 
ends of matter relating to Réntgen rays, anda de- 
tailed description of an induction coil. It is doubt- 
ful if the coil described is suitable for Röntgen ray 
work. 


THE PRACTICAL MANAGEMENT OF DYNAMOS AND 
Motors. By Prof. Francis B. Crocker and Dr. 
Schuyler S. Wheeler. Fourth edition. New York: 
D. Van Nostrand Company. 206 pages, gg illus- 
trations. Price $1.50. 

With the present edition this excellent practical 
manual enters iuto its seventh thousand. Those en- 
gaged in the operation of dynamos and motors will 
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find this work by far the best published relating to 
directions for practical working, testing and local- 
ization of faults. 


ELECTRIC ARC LIGHTING. (Elementary Electro- 
Technical Series). By Edwin J. Houston and 
A. E. Kennelly. New York: The W. J. Johnston 
Company. 383 pages, 155 illustrations. Price, $1.00 
This handsome little volume has been prepared 
more particularly for the general public, in order to 
inform them of the general principles underlying 
arc lighting and the construction of the apparatus 
employed. Some of the chapters, particularly the 
ones on the early history of arc lighting and on 
light and illumination, will be found of interest and 
value by the professed electrician. 


ELECTRIC LIGHTING. Vol. I. The Generating Plant. 
By Prof. Francis B. Crocker. New Yosk: D. 
Van Nostrand Company. 444 pages, 152 illus- 
trations, Price, $3,00. 


This is the first volume of what promises to be 
the most complete and satisfactory work on electric 
lighting yet written. The present volume treats 
of the elements of an electric lighting plant and 
the methods of generation, the subjects of distribu- 
tion, lamps, special applications, etc., being left for 
a succeeding volume. The location, general ar- 
rangement and buildings of electric lighting plants; 
steam, gas, oil and hot air engines; water wheels 
and windmills, are taken up in turn. Gearing, di- 
rect coupling, belting and shafting are next treated. 
The subjects of dynamos and their management, 
storage batteries, switchboards, instruments and 
lightning arresters are considered in the final 
chapters. 


TRADE PUBLICATIONS. 


Power Pumps. The Goulds Manufacturing Com- 
pany, Seneca Falls, has issued a handsome half- 
yearly calendar—commencing with July—which in- 
cludes for each month an illustration, beautifully 
executed, of a power pump, a different type foreach 
month. The engravings are made from washed 
drawings, and being printed on a tinted background, 
produce a handsome effect. 


The Royal Alternator. With the title, “Facts 
Worth Considering and of Interest to You,” the 
Royal Electric Company, of Peoria, Ill., publishes a 
twelve-page pamphlet consisting entirely of letters 
received from customers. No comment is added, 
the facts here presented by users in their own lan- 
guage being sufficiently convincing of the worth of 
the apparatus to which the letters refer. 


Electrical Bell Hangers’ Guide. With this title 
C. M. Turnquist, 216 South Canal Street, Chicago, 
has issued a 4o-page pamphlet giving a number ot 
bell-hangers’ diagrams and a catalogue of supplies, 
tools, wires, etc., used by electricians, bell-hangers, 
experimenters, inventors, and amateurs. The 
diagrams will be found useful, as they show some 
combinations not familiar to all electricians. The 
pamphlet is sold at ten cents. 


The Commercial Dynamo. A neat pamphlet 
issued by the Commercial Electric Company, In- 
dianapolis, Ind., contairs illustrations of types and 
details of the “Commercial” dynamo, andin few 
words brings out the advantages which have ledto 
the continued success on the market and in use of this 
well known machine. This was onc of the earliest 
dynamos in this country to use an all wrought-iron 
field, and has demonstrated that the theoretical 
advantage of wrought-iron over cast-iron of five to 
one is also a practical advantage. 


Gasoline and Gas Engines.—In a 40-page cata- 
logue the Van Duzen Gasoline Engine Company, of 
Cincinnati, O., discusses and illustrates the seven 
different styles of engines which it manufactures, 
consisting of gasoline engines, gasoline and gas 
engines combined,stationary gasoline engines, port- 
able gasoline engines, gasoline engines and pumps 
combined, gas engines and pumps combined, port- 
able gasoline engines and pumps combined. Among 
the illustratsons is one showing a dynamo run bya 
gas and gasoline engine of 10-HP. 


An Electrical City.—We are indebted to the Peo- 
ple’s Electric Supply Company for a handsome 
pamphlet descriptive of Madison, Wis. From it we 
learn that in the city, though having a population of 
but 15,000, there are $710,000 invested in electrical 
enterprises. The central station supplies no less 
than 16,000 incandescent lamps,300-KWw of power and 
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200 arc lights, while the street railway operates fif- 
teen motor cars, besides trailers. Not the least source 
of pride to Madison is the course in electrical engi- 
neering at Wisconsin University which, under the 
charge of Prof. D. C. Jackson, has attained an envi- 
able national reputation. 


An Edition de Luxe. The new catalogue of the 
Stanley Electric Manufacturing Company, just is- 
sued, is an admirable specimen of the engraver’s and 
printer’s art. All of the various types of Stanley- 
Kelly apparatus are illustrated by half tones—made 
by Bartlett—which in beauty of execution far exceed 
any photo-engraving work that has evercome under 
the notice of the writer. The text explanatory of 
the illustrations and of alternating work in general 
is clear and concise, forming an interesting techni- 
cal treatise on current practice in this important 
field. The entire artistic and mechanical execution 
of the catalogue wasin the hands of Bartlett & Com- 
pany, and the result is another triumph for their 
artistic staff and the Orr press. 


BUSINESS NEWS. 


The Largest Leather Belt inthe World. The 
Chicago Belting Company has made for the Louisi- 
ana Electric Light Company, New Orleans, La., the 
largest leather belt ever constructed. The belt is 
three-ply, &4 ins. wide, 150 ft. long aud weighs 
3300 Ibs, 


The [Metropolitan Electric Company, Chicago, 
has taken the Northwestern Agency of the Mis- 
souri Telephone Manufacturing Company, St. Louis, 
Mo., and is carrying a full line of its justly cele- 
brated telephones, switchboard apparatus and pat- 
ent gravity hook. All telephones are guaranteed. 


The Triumph Electric Company, Cincinnati, O., 
has secured the order for two 4o-KW and 20 kw 
direct-connected multipolar generators with panel 
switchboard for the Ohio State Hospital at Colum- 
bus. The machines will be run by Buffalo Forge 
Works engines. Alex. Schulmann, of Cincinnati, 
secured the contract for wiring. 


E. P. Roberts & Company, Cleveland, O., are 
electrical and mechanical engineers for the Colum- 
bus (0.) State Hospital, whose electrical plant is to 
consist of two 40-KW direct connected units; also 
for the Massillon (O.) Insane Asylum electric plant, 
to consist at present of two 50-Kw direct connected 
units; this plant will be doubled in the future. 


The American Electric Company, Detroit, Mich., 
-has installed a complete electric lighting plant in 
the Oakland Hotel and cottages, at St. Clair Springs, 
Mich. A 35-KW Crocker-Wheeler dynamo with 
Perkins lamps are used. The plant was installed 
under supervision of Wm. T. Benallack, electrical 
inspector for the Michigan Inspection Bureau. 


The Willard Electric & Battery Company has 
been incorporated at Cleveland, O., with a capital 
stock of £20,000, and will continue the manufacture 
of the Willard storage battery. The incorporators 
are E. N. Hawley, Chas. Suhr, T. A. Willard, H. N. 
Hawley and W. N. Morrow. They are now in good 
shape to handle large orders and will make a spec- 
ialty of central station battery plants. 


C. M. Turnquist, 216 South Clark Street, Chicago, 
T11., is placing on the market a new battery called 
the “Monarch Plunge Battery, King of Acid Batter- 
ies.” For running small motors, lighting small in- 
candescent lamps, operating induction coils and for 
experimental work where a strong electric current 
is required this battery is claimed to have no equal. 
The battery will be ready forthe market Aug. 1. 


The Electrical Exchange, 183 Lake Street, Chica- 
go, has bought the entire stock of electrical supplies 
of Jones Brothers, Cincinnati, and removed the 
goods to its Chicago warerooms. Among recent 
sales of the Electrical Exchange are the following: 
One 50, one 1o0 and two Soo-light Mather dynamos; 
one soo-light alternator; one 75-light and one 60-Kw 
Edison generators; four motors, from1to6 HP, and 
transformers for over 2000 lights. 


The Northern Electrical Manufacturing Com- 
pany, Madison, Wis., is having gratifying success 
with its steel-clad spherical motors, which recently 
were adapted for use in the new Library of Congress, 
building at Washington. Appreciating the require- 
ments of the present day, the shops of the company 
have been equipped with the highest grade of ma- 
chinery and facilities provided for turning out work 
of the highest class at a minimum cost. 
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Remarkable Water Wheel Governor Perform- 
ance. The Replogle Governor Works, Akron, O., 
inarecent circular gives an account of a thorough 
test of the Replogle water wheel governor made by 
the Citizens’ Railway Company, at Fishkill on-Hud- 
son, N. Y. Fora fifty-five percent. variation in load 
on the railway generator, the speed varied less than 
two per cent., and between no load and an overload 
the revolutions only varied between 105 and Ior, 


The Palermo Mica Company, 27 Peck Slip, New 
York, one of the oldest firms engayedin mining and 
in importing mica for all the uses to which it is put, 
has recently resumed the manufacture of mica es- 
pecially for the electrical trade. The stock which 
it uses for this purpose is of the very best quality 
and is furnished in any desired shape or size. This 
company received a medal and the only diploma 
awarded for mica at the World's Columbian Ex posi- 
tion of 1893. 


The Van Auken Steam Specialty Company, 203 
So. Canal St., Chicago, has a few more handsome 
celluloid 45-deg. triangles which contain a scale, to 
send to applicants interested in draughting and 
steam specialties. It is also distributing, free of 
charge, a book showing how to do away with wip- 
ing or soldering lead joints. This system of connec- 
tions is revolutionizing the art of plumbing, and 
should be looked into by everyone who has to do 
with lead pipe fitting. 


Messrs. Ford & Bacon, 203 Broadway, New York, 
are engaged upon the details of a plan whereby the 
great establishment of the American Lithograph 
Company, New York City, will be equipped through- 
out with electric power. This firm were consulting 
electrical engineers for the Cooper-Seigel building, 
which when completed will have an electrical in- 
stallation consisting of more than 6o00 incandescent 
lamps, soo arc lamps and a complete electric power 
service, including elevators. 


The CapoFarad Battery & Appliance Works. 
The entire business and plant of the Capo-Farad 
Battery & Appliance Works, of 27 Thames Street, 
New York, has recently been purchased by Mr. 
Arthur J. Farnsworth, of Mamaroneck, N. Y. Mr. 
Farnsworth, it is understood, intends to enlarge 
its scope and usefulness in the electrical field in the 
near future by undertaking, in addition to the 
manufacture of the well known Capo-Farad battery, 
all kinds of model and repair work and construction 
battery apparatus, 


Sunbeam Lamp. The demand for the 2cep and 
4 CP Sunbeam lamp, manufactured by the Sunbeam 
Incandescent Lamp Company, Chicago, is rapidly 
increasing. This lamp is especially appreciated by 
those central stations which have suffered a loss in 
their residence lighting owing to the competition of 
the Welsbach burner. With these lamps, lighting 
companies can give residence customers double the 
number of lights as heretofore, without increasing 
the size of their monthly bills, and thus making in- 
candescent lighting far more convenient than any 
other form of illumination. 


The Mica Insulator Company, 218 Water Street, 
New York, is sending out a card folder to which is 
attached a sample of flexible micanite plate “Style 
B.” The plate is made of pure India sheet mica, 
and is the latest production in extra flexible mica. 
This grade is especially suitable for armature and 
field magnet insulation, its flexibility being such 
that it may be bent to any shape required, even in 
the thickest plates made. The Mica Insulator Com- 
pany reports that the demand for its specialties is 
on the increase both here and in Europe, and that 
its London and Schenectady factories are kept very 
busy filling orders, 


Bicycle Lamp. The bicycle electric lamp made 
by the Ohio Electric Works, Cleveland, O., is meet- 
ing with much success. We take the following 
fromthe manufacturers’ circular just issued: “ The 
battery is 5-0 2°. 2ins., weighs ten ounces, and will 
maintain a potential of not less than 3.5 volts for 
more than four hours on each charge, costing two 
cents, The lamp isof double the efficiency of ordi- 
nary incandescent lamps, taking only 114 watts to 
the candle power, and is backed by a scientifically 
correct and powerful reflector. By electricians it 
has been regarded as paradoxical, but all scepticism 
is removed on examination of the efficiency of the 
lamp, battery and reflector, Economy is wealth, 
and by its proper exercise we are enabled to pro- 
duce an efficient electric light for carriage or bicycle 
at a popular price.” 
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ELECTRICITY IN THE UNITED STATES 
NAVY. 


By FRANK W. ROLLER. 


N laying out the scheme of lighting for a 
| new vessel in the United States Navy 
very much the same plan is followed as is 
the case with modern isolated plant work. 

First, a complete set of plans and specifi- 
‘cations is drawn up, the former being 
sketched in on blue prints of the various 
decks and the latter being printed for distri- 
bution. Everything from and including the 
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generators and engines and ending with the 
lamps themselves, is included, a consider- 
able latitude, however, being allowed to the 
officer designated as inspector in charge of 
the work. 

Starting in with the generating sets, here 
as all through, the requirements are much 
more rigid than is the case ashore. The 
engines must not only be as light and com- 
pact as modern engineers are able to build 
them, but they must in addition be able to 
govern closely and run on almost anything 
from steam to hot water. Of course, this 
latter requirement, necessitating as it does 
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large cylinder clearances, reduces the effic- 
iency somewhat, but as priming of the boil- 
ers is a common evil, immunity from 


‘accidents due to water in the cylinder is 


absolutely essential. 

The simple automatic, vertical, double-cy]- 
inder, double-acting engine has been found 
to best meet the requirements and is now 
invariably used. As built at present, they 
are capable of being taken entirely apart in 
a space but a few inches higher than that 
they occupy and to run continuously with- 
out any lubricanis whatever in the steam 
spaces. 

Contrary to the usual practice in foreign 
navies, the generators are all multipolar and, 
of course, compound wound. Their volt- 
age (80) perhaps strikes one at first as being 
an odd one to chose, but when it is remem- 
bered that the lengths of runs are short and 
that the search lights, consuming from 50 to 
150 amperes each, need only 50 volts across 
their terminals, the object in using it is more 
apparent. 

The specifications that the generator must 
fulfill are exceedingly rigid, sparkless run- 
ning and low heating limits being strongly 


FIG. 1.—U. S. S. BATTLESHIP “OREGON.” 
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insisted upon. The maximum rise in tem- 


perature of any part of the machine must 
not exceed 50 degs. F. above the surround- 
ing temperature, while at the same time the 


FIG. 


‘ficiency must be such that at least four 
watts are generated at rated capacity for 
every pound weight of the generator, in- 
cluding its sub-base. The presence of any 
stray field must also be avoided, any mag- 
netism that can be detected over twenty-five 
feet in any direction with a sensitive hori- 
zontal force instrument being sufficient to 
cause the rejection of the outfit. 

To such an extent have these machines 
been perfected that they have frequently 


2.—LATEST TYPE OF GENERATING SET. 
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units, and the switchboard controlling them 
is so arranged that the dynamios may be run 
either singly or in multiple on the incandes- 
cent circuits, either singly or in multiple on 
the search light 
circuits, and 
either singly or 
in multiple on 
the search light 
and incandes- 
cent circuits 
connected in 
multiple. 

To this end a 
switchboard has 
been designed, 
of which a view 
and a diagram of 

, connections are 
shown in Figs. 


5 and 6, the 
board being 
that installed 


on the U. S. S. 
“New York.” 
It will be notic- 
ed that the ar- 
rangement is a 
very simple one, 
all dynamo cir- 
cuits being in a 
vertical, and all 
branch circuits 
in a horizontal, 
plane, with the , 
switches at the 
intersections. As 
this scheme is 
followed in 
every vessel, it 


FIG. 4.—TYPE OF GENERATING SET. 


carried overloads of 100 to 150 per cent. of 
rated capacity for extended periods without 
any sparking or undue heating. Views of 
the latest type of generating set are shown in 
Figs. 2 and 3. A type installed on a num- 
ber of vessels is also shown in Fig. 4. 

Each vessel carries a plurality of duplicate 


is possible for a person familiar with any one 
board to operate any other at sight, this 
point being of great advantage where men 
are so frequently transferred from one ship 
to another. 

Nowhere than in the wiring aboard ship 
can be found a better illustration of the care 
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with which an electric installation is put in 
on a man-of-war. Only the bighest of high 
grade materials rigidly inspected are allowed, 
and the work is done by a trained corps 
under the immediate supervision of experts 
in this line. Two entirely independent sets 
of circuits are always run. One is desig- 
nated the ‘‘ battle circuit’’ and includes all 
lights necessary in a day or night action. 
The other, or ‘‘ lighting circuit,” takes in all 
lights not so needed, and is controlled at the 
switchboard, this method having the advan- 
tage that in going into action it is unneces- 
sary to hunt around to see if any unauthorized 
lights are on, they being all turned off from 
the dynamo room at such times. 

The ‘battle circuit’’ is, if possible, in- 
stalled with even greater care than the light- 
ing circuit, all ends of the mains being inter- 
locked and cross-tied at many places through 
the ship, and all being kept as much as 
possible below the shield-shaped protective 
deck covering the ship's vitals. The feeder 


ie 


FIG, 3.—LATEST TYPE OF GENERATING SET. 


and main system is employed, the former 
being so liberally distributed that the greater 
portion of the latter may be shot away or 
otherwise rendered inoperative without ma- 
terially interfering withthe lights. Double- 
pole switches in water-tight cases, as shown 
in Fig. 7, are employed at all junctions, so 
that the different sections may be isolated 
for tests. 

When the first modern ships were wired, 
lead-covered cables run in moulding were 
employed throughout, the lead jacket being 
supposed to protect the insulation from 
water and to a certain extent from mechan- 
ical injury. Considerable trouble was ex- 
perienced, however, by the denting and 
breaking of the armor when the wires were 
put in, the moisture which then entered 
causing bad grounds and frequent short cir- 
cuits. The weight and cost of the wires. 
were also serious obje‘tions to its use. All 
the wire now is without any armor whatever, 
the extra heavy insulation being sufficient 
to obviate trouble from water, and the- 
moulding in which it is encased affording 
the necessary mechanical protection. As. 
the circuits in the fire and engine rooms are 
especially liable to trouble, the experiment 
was tried a few months since of running the 
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circuits therein in ordinary iron-armored 

insulating conduit. These have not yet been 
installed long enough to demonstrate their 
value, but there is every reason to suppose 
that they will he successful, as there is cer- 
tainly no possibility of a fireman playfully 
jabbing his slice bar between two live wires 
‘* just to see what will happen,” as has been 
known to be the case in one instance at least 
where moulding was used. The following 
description of the material used, taken from 
the specifications for wire for the lighting 
circuits of one of the new cruisers, may be of 
interest : 


FIG. 5. —SWITCHBOARD OF U. S. S. 


The conductors are of soft annealed pure 
copper wire, no single wire being larger than 
No. 14 B. W. G.; conductors are stranded 
when greater conducting area is required, 


FIG. 7.—WATER-TIGHT SWITCHES. 


and no single finished conductor smaller 
than No. 16 B. W. G. is used. Each wire is 
heavily and evenly tinned. All conductors, 
except certain fixture and 
portable wires, are insulated 
as follows: First, a layer of 
pure para rubber; second, a (= —- 
layer of rubber containing ` 
no sulphur; third, a layer of 
vulcanized rubber; and 
fourth, three heavy braidings 
of cotton, each thoroughly 
saturated with a waterproof 
compound. The thickness 
of the insulation, excluding the braid, is 
not less than 4 in. and not greater than 
x in. 

Two samples each 500 ft. long, are selected 
from the coils of wire to be supplied, and 
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sent by the contractors to the New York 
Navy Yard for test. The test is as follows, 
failure to meet which will involve rejection : 

Both samples after twenty-four hours’ im- 
mersion in sea water, must have an insula- 


tion resistance of not 


less than 1000 meg- 
ohms per nautical 
SEARCH äl 
+ CIRCUIT 
= ik: 


mile, the test being 
made at 72 degs. F., 
and the time of elec- 
trification being one 
minute. The physical 
and electrical charac- 


teristics of the insulation should not 
change when the conductor, complete, is 
raised to tbe temperature of boiling water, 
nor upon cooling. Chemical tests are made 
to determine the constituents of the different 
layers of the insulation. 

The right is reserved to test any of the 
wire at any time before the final completion 
of the plant, and to reject any wire that is 
not in every respect equal to the accepted 
samples. 

Portable wire is required to be double con- 
ductor, each strand composed of twenty un- 
tinned copper wires No. 30 B. W. G. The 
insulation of each conductor consists of a 
fine braid saturated with a cement contain- 
ing no sulphur, brown rubber and braid. 

For silk-covered portable wire, each of the 


r 


LEFT HAND 


FIG. 6.—DIAGRAM OF SWITCHBOARD OF U.S. S. 


113 


For deck portable wire, two conductors, 
insulated as above, are stranded together, 
using a jute filling and then the whole is 
covered with a layer of brown rubber, braid, 
and finally, a heavy braiding of flax, soaked 
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iu a waterproof mixture. The external di- 
ameter of the finished cable is not permitted 
to exceed % in. 

The moulding in which these wires are 
run is of much the same pattern as that used 
ashore. It is of pine, capped and double 
painted and is secured to the ship’s side or 
wherever it may run at intervals of no more 
than twelve inches. Where wires pass 
through the various bnikheads and beams 
the holesare bushed with ordinary hard rub- 
ber tubing. In some cases, however, as in 
going through a water-tight bulkhead, special 
stuffing boxes are employed, made of brass 
lined with hard rubber tubing and having 
soft rubber glands at the ends. These are 
illustrated in Fig. 8, the one with the thin 
plates being used under ordinary circum- 


FIG. 8.—WATER-TIGHT BULKHEAD BUSHINGS. 


two conductors, insulated as above, is cov- 
ered with a braid of heavy machine-twist 
silk, and then the two conductors stranded 
together; the external diameter of the fin- 
ished cable not exceeding X in. 


stances and the other where it is necessary 
to go through protective or other curved 
decks. 

All switches, fixtures, junction boxes, etc., 
are secured to wooden bases in order to di- 
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minish chances of a ground. As each cir- 
cuit must test out at least one megohm, 
and as all circuits in parallel must show an 
insulation resistance of at least 500,000 ohms 
from each other and from the ground, this 
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that the current for operating the devices 
just mentioned is obtained at all times when 
the dynamos are in operation from an ordi- 
nary motor-generator and at other times 
from Leclanché cells. Fig. 9 is a view of 


FIG. 9.—ELECTRICAL TESTING ROOM AT NEW YORK NAVY YARD. 


is only one of the numerous precautions that 
must be taken. Even then the insulation 
demanded can only be obtained in warm,dry 
weather, the principal object in specifying it 


being to secure all possible care in installa- 
tion. Even the circuits connecting the tele- 
phones, engine room telegraphs, fire and 
water alarms, call systems, etc., etc., must 
show the same insulation as the above, as 
any cross from the lighting circuit might 
prove disastrou;. It may be remarked here 


the electrical testing room at the New York 
navy yard. 

Electric motors, while at first comparative- 
ly little used in the Navy, are coming more 


FIGS. IO AND II.—-NAVY SEARCH LIGHT. 


into vogue every day. This is particularly 
the case in connection with the fans for the 
complicated ventilating systems used. Steam 
engines for this use, owing to the loss in 
power by the condensation in the piping 
when placed at any distance from the boilers, 
and to their weight, are falling into disfavor. 
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The great amount of heat given off into the 
living spaces often renders their use imprac- 
ticable, while the extra attention needed due 
to their greater complication renders them 
still more objectionable. In some foreign 
navies, where the plan of making the major- 
ity of the water-tight bulkheads without 
doors in order to do away with any possibil- 
ity of having communication left open be- 
tween them in case of accident is followed, 
electric motors are the only means used to 
drive the fans. Added to those mentioned 
above this has the further advantage that 
in case the wires leading to the motors 
are shot away, no particular harm results 
other than the stoppage of the fans, but 


if a steam pipe is cut, the escaping steam 


might disable every man in the com- 
partment, besides being very much harder to 
repair. Another thing is that with the old 
system where a few large steam-driven fans 
were grouped together to give air to the 
whole ship, large holes had to be cut through 
the different water-tight bulkheads to admit 
the air ducts, thus not only weakening the 
ship, but increasing greatly the chance of 
water getting from a flooded compartment 
into its neighbor in spite of the automatic 
valves put in to prevent it. 

In Fig. 12 is shown a typical navy ventila- 
ting set of small size, such as is used to fur- 
nish air to those inspecting the space between 
the double bottoms and other confined 
quarters. The larger sets, having motors 
ranging from '%-to 3 HP, are much the same, 
except that they are usually arranged so that 
they may be bolted to the deck beams over- 
head so as to be out of the way. They are 
all shunt wound, controlled by automatic 
starting boxes, and must meet the same re- 
quirements as to heating limits, sparkless run- 
ning, insulation resistance, etc., as the gener- 
ators. Electricity is also used for running 


the amunition hoists, and motors controlled 
by reversing rheostats have just been in- 
stalled on the ‘‘Terror”’ in place of the steam 
steering engines. 

The matter of using motors to train the 
guns and operate the turrets is one upon 
which much time and thought have been ex- 
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pended. Certain foreign vessels employ 
them, but their value has not yet been suffici- 
ently demonstrated here to warrant discard- 
ing the old hydraulic system of control. 
The great difficulty that has to be met is the 
requirement that the turrets must be abso- 
lutely under the control of the gun captains 
with no perceptible effort on their part. 
With hydraulic training, owing to the in- 
compressible nature of water, the moving 
part is bound to come to an absolute stop 


4 
G” 
FIG. J2.— ELECTRIC VENTILATING SET. 


when the valves are shut and to remain fixed 
until a passage is again opened. Moreover, 
by adjusting the size of the openings in the 
piping it is possible to set a limit to the speed 
at which the turret will revolve, it being im- 
possible for the weight of the latter to drive 
the water motor used at a speed greater than 
the normal. The disadvantage of hydraulic 
power that the pipes are liable to burst and 
the valves to leak is, however, a serious one, 
and if electricity can be made to do the 
same work without requiring increased space 
or being more difficult to manipulate, it will 
undoubtedly be adopted. 

An almost instantaneous stop, ability to 
move through arcs of a few minutes or sec- 


FIG. I3.—HELM INDICATOR. 


onds only, a speed variable at the will of the 
gun captain and a sufficient torque nnder all 
circumstances to move the turret and so pre- 
vent stalling of the motor with its consequent 
blowing of fuses, are a few more of the re- 
quirements it is necessary to meet. 

One of the largest electric manufacturing 
concerns in the country thinks it has solved 
the problem, and is now installing its appar- 
atus on a new man-of-war where it will be 
practically tested in competition with the 
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hydraulic system, also being put in place. 
The result of this effort is being awaited with 
much interest by professional men, and 
should all go well the impetus given to the 
use of electric power aboard ship wherever 
available will be considerable. 

Of late many of our men-of-war have 
been equipped with search lights operated 
by motors controlled from a distance. This 
method having, as it does, the advantage of 
allowing commanding though exposed po- 
sitions to be utilized for the light while the 
operator is shielded, both from the glare and 
from hostile fire, seems a decided advance. 
The additional weight and the greater 
complication are, however, great drawbacks, 
so that their actual value is still in doubt. 

The latest controllers, one of which is 
shown standing beside its search light in 
Fig. 10, have, as may be seen, only one 
handle. 

The connections are such that a vertical 
motion of this handle will cause the barrel 
of the lamp to move vertically and a horizon- 
tal one, horizontally, a combination of the 
two being also possible to get a motion of 
the beam at any desired angle with the 
horizon. Some successful night signaling 
has been done in this way, and the advan- 
tage of having it to fall back on in case of 
disablement of the regular signal apparatus 
would be great, asa beam of light thrown 
on a cloud is visible at a great distance. 

It would be impossible in this article to 
even touch upon the numerous other ways 
in which electricity is brought into play to 
facilitate the control of a war vessel. One 
of the devices, however, that shown in Fig. 
13, we may mention here as illustrating the 
simplicity of construction and the certainty of 
operation constantly aimed at. It isa ‘‘ helm- 
indicator’’ and shows approximately what 
angle the rudder is making with the keel at 
any instant by the lighting of the lamps be- 
hind the perforated cover marked 0-2%-5, 
etc. (degrees). When the helm is put over, 
current is sent through the lamps in turn 
by a contact arm fastened to the rudder post 
which sweeps over a series of contacts spaced 
214-5, etc., degs. on each side of the center 
line, each one, of course, completing the cir- 
cuit through its corresponding lamp. 

This device, it would seem, could be read- 
ily adopted in modern office buildings to in- 
dicate the floors that the different elevators 


are passing. 


Loss from Uncovered Steam Pipes. 


In a recent report made to the Canadian 
Pacific R.R. Company, by one of its engi- 
neers, of some tests of various kinds of steam 
lagging, the following table was included, 
showing the loss of power that has been found 
to take place from uncovered pipes filled with 
steam at seventy-five pounds gauge pressure: 

2 in. pipe. A loss for every 132 ft. of length. 


4 i 75 


I“ t t 46 “ 

x ae 1 ti oe 4 40 ae 

12 4 1 oe ae t: 26 si 
About ninety per cent. of this waste, it 


was added, can easily be prevented by a proper 
covering ofthe pipes. When it is considered 
that this loss occurs at the comparatively low 
pressure of seventy-five pounds, it is apparent 
that with steam at 130 lbs. and 140 lbs. and 
higher, the loss becomes very serious. 


its 
TRANSFORMER « LEAKAGE CURRENT.” 


By PROF. DUGALD C. JACKSON: 


A time-worn tradition will often make 4 
striking obstruction in the path of progress, 
but fortunately for the electrical industries 
their traditions have not reached hoary dis- 
tinction and they commonly are easily de- 
stroyed. A few have become quite deep 
seated in comparison with their life; and 
amongst these is the general belief of cen- 
tral station men that the magnitude of the 
so-called ‘‘leakage current,” or truly, the 
exciting current, of transformers is a meas- 
ure of transformer losses. 

The belief is a natural one which was 
transmitted directly from electrical manu- 
facturers, the best of whom up to five years 
ago ranked their transformers according to 
the ‘‘leakage current,” and taught their 
customers to do the same. But all founda- 
tion for accepting the ‘‘Jeakage current” 
as an indication of the worth of a trans- 
former was exploded when a knowledge of 
the effects of hysteresis became general, and 
the manufacturers who understand their 
business have for the past five or six years 
built their transformer cores out of carefully 
tested iron, which is selected on account of 
the small hysteresis effect. It is this hyster- 
esis effect which causes ninety per cent., or 
thereabout, of the core loss which wastes 
power in transformers; so that the actual 
waste of power in the core, instead of the 
‘“‘ leakage current’’ which is in part a watt- 
less magnetising current, should be the 
criterion of losses in transformers. In fact, 
the actual loss of power in the cores of 
transformers having exactly the same “ leak- 
age current ’’ may differ as much as five to 
eight. 

This is plainly shown by the accompany- 
ing table of the core losses and exciting cur- 
rents (leakage currents) of some 1500-watt 
transformers tested on 1000 volts pressure at 
a frequency of 125. 


CORE LOSSES AND EXCITING CURRENT. 


Exciting 
Current. 


I 
2 
3 
4 
3 
7 
8 
9 
o 


= 


The ratio column in the table shows plain- 
ly that there is no fixed relation between the 
amount of power wasted in the transformer 
core and the exciting current (‘leakage 
current ” ); and the relative magnitude of the 
quantities in columns A and B are still more 
instructive to the central station man who 
thinks “‘ leakage current ” is the proper cri- 
terion to be used for the comparison of trans- 
formers. It chances that the transformers 
with the lowest leakage currents of the table 
are from the same manufacturer and have 
the least core losses, but there is a difference 
between leakage currents of Nos. 4 and 5 of 
the table of over forty per cent. in favor of 
No. 5, though No. 4 has a slightly less core 
loss; and there is practically no choice be- 
tween the exciting currents of Nos. 4, 6 and 
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7, though there is over thirty per cent. dif- 
ference in their core losses. Again, there is 
practically no difference in the exciting cur- 
rents of Nos. 2, 3 and 5, though there is a 
difference of over forty per cent. in their 
core losses. 

Now let us see what effect on the station 
the choice of transformers by the different 
criteria makes, and for this purpose we will 
make a comparison between Nos. 1 and 6, as 
the losses and exciting current have nearly 
the same ratio in thetwo. Assuming, asa 
matter of comparison, that a station is oper- 
ating 100 transformers of the capacity con- 
sidered, then the first station must supply 
4.3 amperes to supply the exciting current 
and put out 53.6 KW-hours per day of twen- 
ty-four hours to supply the core losses. The 
second station must furnish 7.6 amperes to 
supply the exciting current, an increase of 
about two per cent. of the total current 
capacity of the transformers, and must put 
out 121.2 KW-hours per day of twenty-four 
hours to supply the core losses. The differ- 
ence in the exciting current here is a matter 
of comparatively small moment in its effect 
on the capacity of the generator, but the dif- 
ference in the core losses of 67.6 Kw-hours 
per twenty-four hours means 24,674 Kw-hours 
ina year of 365 days. If this power costs 
the station five cents per Kw-hour, there is 
a dead loss of $1233 per year on account 
of the greater core loss, while, as I have al- 
ready said, the difference in the exciting 
currents is a matter of comparative indiffer- 
ence to the station. 

This is all so evident that it would not 
seem worth while to occupy space in atech- 
nical paper with a statement of the facts, 
were it not that some makers of transform- 
ers still advise their customers to test their 
transformers by ‘‘leakaye.’? The result of 
such advice is shown in a letter lately re- 
ceived by me from the capable manager of a 
well conducted central station in which the 
following sentences occur: ‘In making 
tests for leakage I use the———method 
which gives the result in per cent. loss. I 
cannot see the difference between leakage 
and iron loss and also cannot see how an 
ammeter can be used in the leakage test 
and not in the iron loss test.”? The name 
which is left blank in this quotation is that 
of the maker of an excellent transformer, 
who is thus under the conviction of mislead- 
ing his customers in regard to the correct 
methods of judging between transformers. 
(It happens to be to his own disadvantage, 
too. ) 

Itis hardly necessary to add to what has 
already been said, that the reason for using 
a wattineter and not an ammeter for 
measuring the core loss of a transformer is 
simply because an ammeter takes no ac- 
count of the lag of current in the alternating 
current circuit, which a wattmeter does. 
The important points by which to judge 
transforiners are: Core and copper losses, 
regulation, rise of temperature when 
operated under full load, and insulation be- 
tween primary and secondary windings. 
The most important of these points—the 
losses and regulation—inay be readily meas- 
ured by station superintendent by 
means of methods which are well known 
amd which I have already presented in a 
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simple form. The exciting current, erro- 
neously called “leakage,” of transformers 
which are shown to be well designed by the 
loss and regulation tests, carries little im- 
portance to the superintendent. In this 
respect, transformers differ radically from in- 
duction motors, in which the exciting cur- 
rent may have a greater influence on station 
working than the motor losses. 


Following are the directions for trans- 
former testing ‘referred to above, which 
formed part of a paper read last year by Prof. 
Jackson before the Northwestern Electrical 
Association. A full account of transformer 
tests thus made is contained in Bulletin No 
11 of the University of Wisconsin. 

To test the iron losses, the secondary coil 
of a transformer should be connected to a 
regular lighting circuit, with an ordinary 
wattmeter included, and the circuit of the 
primary coil left open; the arrangement is 
plainly shown in Fig. 1. The reading of 
the wattmeter shows the number of watts 
wasted by the iron loss. 
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former may then be loaded by lamps (Fig. 3), 
and the pressures again read, when the drop 
is at once obtained. One voltmeter may be 
used for this, but two are more convenient. 

For the testing of individual transformers 
as they are delivered and bcfore they are put 
on the lines, all the instruments which are 
required are already in the possession of the 
electric stations, with the exception of a 
wattmeter, and this 1s not a serious defic- 
iency, since, if necessary, a Thomson record- 
ing wattmeter may be used instead. The 
testing need take but little time, and is likely 
to result, in average stations, in the saving 
of considerable waste. 

Proper transformer tests enable a station 
manager to determine at once the amount o 
saving that he may make by replacing cer- 
tain small transforiners by one large trans- 
former. If tests are not made, such changes 
may not bring the results expected, since a 
number of first-rate small transformers may 
be replaced to no advantage by a large trans- 
former if the latter is not a good one; but 
usually a large transformer, if one of the best, 
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FIGS. I, 2 AND 3.—METHOD OF TESTING TRANSFORMERS. 


A wattmeter such as is required for these 
measurements costs from {4o to $70, and is 
an instrument that, like the steam engine 
indicator, it pays to have on hand. If, how- 
ever, the regular wattmeter is too expensive, 
an ordinary Thomson recording watt- 
meter, if a sufficiently sensitive and reliable 
one is at hand, may be used in place of it, 
the record taken being reduced to the 
basis of one hour. It is needless to say 
that all instruments used in such tests as 
here proposed must he fairly reliable. 

To test the copper losses in a transformer, 
the quickest and easiest method and one 
which is approximately accurate, is to con- 
nect the primary coil of the transformer in 
series to the alternating incandescent cir- 
cuit with some resistance (iron wire or 
lamps), and short-circuit the secondary coil 
of the transformer through an ammeter 
(Fig. 2). The resistance should be adjusted 
until the full load current of the transformer 
flows through the ammeter. The read- 
ing of a wattmeter so connected in circuit 
with the primary coil gives the copper loss, 
approximately. 

The drop in pressure may be measured 
by connecting the transformer to the light- 
ing circuits and reading the primary and 


secondary pressure by voltineters. The trans- 


is more desirable than several small ones, 
even though the latter be good. 

The data in the following table will 
serve as guidance in selecting transformers. 
The second column is from data compiled 
by Prof. Ryan, and gives the largest cur- 
rent which should flow in the 1000-volt 
primary of good transformers when the sec- 
ondary circuit is open. For intermediate’ 
capacities, intermediate values of open cir- 
cuit current may be interpolated. The third 
column gives the values of the iron loss 
which should not be exceeded in thoroughly 


good transformers: 
TRANSFORMER DATA, 


Open Cireuit 


Currents, Tron Loss. 


Watts Capacity. 


“ -2 


The copper losses in all sizes of transformi- 
ers should never exceed 312 per cent. at full 
load, and ought to be between 1 and 13 
percent. The total drop in secondary press- 
ure due to loading a transforiner, if the pri- 
mary pressure 1s kept constant, ought not to 
exceed 312 per cent. 


Avcust, 1896. ] 


ON RONTGEN RAY APPARATUS OPERA- 
TED FROM ALTERNATING CURRENT 
CIRCUITS. 


By EDWIN J. Houston, PH.D., AND A. E. 
KENNELLY, Sc.D. 


ROntgen ray tubes may be excited from 
any electric source of sufficiently high 
E. M. F., but the simplest apparatus, prob- 
ably, consists of an induction coil excited 
directly by a battery of storage cells through 
a suitable interrupter. Excellent results 
are, however, obtainable from an alternating- 
current incandescent-lighting circuit as a 
source of energy, the recharging of storage 
cells being in this way obviated. 

The connections suitable for the use of an 
alternating-current incandescent electric- 
lighting circuit are represented in the ac- 
companying figure. /¢,/ are the terminals 
connected to the alternatiny-current mains 
of fifty volts pressure; A is a rheostat for reg- 
ulating the current strength in the alter- 


CONNECTIONS OF APPARATUS. 


nating-current circuit; Pisthe primary wind- 
ing, and S the secondary winding of a 
Ruhmkorff induction coil capable of giving 
an eight-inch spark. No interrupter is used. 
The secondary terminals are led to a spark 
gap, G, between brass balls. In the absence 
of any other connection, a current of about 
ten amperes in the primary circuit will pro- 
duce a continuous series of discharges be- 
tween the balls over a maximum sparking dis- 
tance of one inch. If the spark be examined 
by waving a glass rod repeatedly to and froin 
front of it, it will be found to consist of a. 
series of discharges, each corresponding to 
one alternation in the primary alternating 
current from the incandescent lighting mains. 
The arc between the poles is quiet, flaring 
and of appreciable cross sectional area. 

If the secondary terminals are connected 
with a condenser, C, formed of, say, three 
Leyden jars and the primary winding, /, ofa 
Tesla induction coil, the spark at G be- 
comes crackling, noisy, of dazzling white- 
ness and continuous in character. The 
stroboscopic examination of this spark with 
the waving glass rod shows that the dis- 
charges are more sharply defined and sudden 
in their character, apparently one to each 
alternation in the primary circuit. 

If a blast of air from a foot-bellows be di- 
rected through a glass nozzle between the 
brass balls of the spark gap, G, the sound 
of the arc becomes more rattling and its ap- 
pearance rhythmically waving. The spark 
gap has now to be reduced to about eight 
millimetres or about '4 in. A stroboscopic 
examination of the spark with the glass rod 
shows that following each discharge at the 
alternating-current wave in the primary cir- 
cuit there is a rapid succession of equidistant 
discharges which may be twelve or more in 
number, and which may, perhaps, almost 
entirely bridge over the interval between 
successive main alternating-current dis- 
charges. Thus, if the frequency of the al- 
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ternating current from the mains be 15,000 
alternations per minute, or 250 alternations 
per second, there will be 250 main dis- 
charges per second through the spark 
gap, and each such discharge may be 
followed: by, say, twelve other discharges 
each separated by, perhaps, one-twentieth of 
the interval between main discharges, rep- 
resenting a frequency of 5ovo alternations 
per second and 3000 sparks per second across 
the airgap. The frequency of these oscilla- 
tary discharges may be varied perceptibly 
by varying the number of Leyden jars in 
the circuit, and may be measured by attach- 
ing the glass rod to the shaft of a uniformly 
revolving motor and observing the angular 
distance between successive images. 

The Tesla coil may be conveniently made 
by winding a coil of eighty turns of No. 18 
A. W. G. cotton-covered wire in a single 
close layer upon the surface of a glass tube 
about one inch in diameter. The secondary 
is composed of about 320 turns of No. 30 
A. W. G. silk-covered wire, also wound 
closely in a single layer upon the surface 
of a micanite tube three inches in diameter. 
The secondary terminals are led directly to 
the Röntgen ray tube, X. 

The electrodes of this tube during the 
action of the apparatus are alternately the 
anode and cathode, while the anticathode is 
a platinum foil plate, bent into the form of 
a V. One discharge occurs in this tube at 
each spark across the spark gap, G. 

The primary winding, Z, of the Tesla in- 
duction coil is supported co-axially with the 
secondary winding, S, and both are immersed 
in insulating oil. This may be heavy paraf- 
fine oil, rosin oil, or kerosene oìl, care being 
taken in the latter case that the oil is not 
readily inflammable. The sparking distance 
in air between the terminals of SisaLout five 
inches, and care has to be taken to prevent 
the apparatus from discharging through the 
insulating oil. 

If the air blast be withdrawn, the fluores- 
cence of the vacuum tube ts fitful and the illu- 
mination produced in the fluoroscope is 
variable. When, however, the air blast is 
steadily directed across the air gap, the 
fluorescence of the tube is vivid and the illu- 
mination in the fluoroscope brilliant and 


sustained. A good radiograph of the bones . 


in the hand can be secured in about thirty 
seconds, and a radiograph tbrough the body 
of a boy in about six minutes, as has been 
demonstrated in some experiments made in 
conjunction with Dr. William Pepper, of 
Philadelphia. 

The Ruhmkorff induction coil used for- 
this purpose need be no larger than is nec- 
essary to maintain a spark discharge of 4 
mun. in air under the action of the blast. 
We have not been able to ascertain how 
small an induction coil is sufficient for this 
purpose, but we have reason to believe that 
it is considerably smaller than that which is 
necessary to furnish an eight-inch spark in 
air when excited from a voltaic battery 
through an interrupter. 

The introduction of the Tesla coil appears 
to be necessary inorder to obtain the re- 
quisite frequency of discharge. Without 
the condenser, C, the frequency would be 
limited to that of the alternating-current 
circuit. The Tesla coilis excited with the 
frequency which depends only upon the re- 
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actance of the primary coil, P, and of the 
condenser, C. The spark discharges across 
the air gap, G, only serves to set the secon- 
dary system into oscillation, while the sec- 
ondary coil, .S, with the vacuum tube forms 4 
tertiary system retaining the frequency of 
the secondary system. The capacity of thé 
condenser has to be chosen by trial, such that 
the best fluorescence is obtained in the tube. 

The only reason for making the diametër 
of the secondary winding, S, so large rela- 
tively to the diameter of the interior primary 
winding Z, is to assist in preventing dis- 
charges through the interior of the coil. A 
thick glass tube placed between the primary 
and secondary winding will assist in main- 
taining the insulation of the tertiary system. 
All the apparatus should be carefully in- 


sulated, 
eoo 


EFFICIENCY OF THE STEAM ENGINE. 


The “gross inefficiency ” of the steam en 
gine is a subject of much lamentation on the 
part of popular writers on technical subjects. 
Reading that the efficiency of the steam en- 
gine is usually below ten per cent. and some- 
times even less than five per cent., they rush 
without any inquiry as to the true sig- 
nificance of the term ‘‘ efficiency ’’ as used 
in this connection, to unwarranted conclu- 
sions, and are apt to create in the minds of 
readers the impressjon that the heat waste of 
ninety or ninety-five per cent. is due to the 
actual inefficiency of our present methods of 
utilizing the heat energy of coal by means of 
the steam engine. This, however, is grossly 
untrue, as will be seen from what follows. 

If a weight suspended above the surface of 
the earth is allowed to descend to the ground, 
a certain amount of energy will thereby be 
rendered available, which may be utilized in 
doing useful work. If, however, when it 
reaches the ground the earth were to open 
and the weight thus permitted to continue 
its descent until the center of the earth were 
reached, it is obvious that an enormons ad- 
ditional amount of energy would be utiliz- 
able. It would, nevertheless, be most mani- 
festly absurd for this reason to say that we 
utilize only an infinitesimal amount of the en- 
rgy of a falling weight, and that the efh- 
ciency of a machine run by falling weights 
is infinitesimally small. 

Yet when the efficiency of a steam engine 
is based upon the utilization of all the heat 
contained in the steam, the implication is 
scarcely less absurd. In the first case the 
absurdity consists in the assumption of an 
impossible condition—the descent of a weight 
to the center of the earth; in the second case 
ano less impossible assumption is made, 
for it implies the attainment of a lower tem- 
perature than exists in the universe, since at 
the absolute zero of temperature* that would 
have to be realized in order to utilize all the 
heat contained in steam, it is believed that 
the material universe itself would crumble 
into dust. 

It may be asked, Can we imagine how a 
perfect efficiency might theoretically be ob- 
tained with the present form of steam en- 
vine, supposing that a possible zero of tem- 
perature could. be attained? This may be 
done by assuming that instead of stopping 
the expansion ata point at or near the at- 


* See page 136. 
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mospheric or condenser pressure, it be con- 
tinued indefinitely; it will, however, be read- 
ily seen that in order that the expansion may 
thus be continued, it would be necessary, in 
the first place, to have a cylinder of infinite 
length that the steam may be expanded down 
to zero pressure; and second, the cylinder and 
piston must be absolutely non-conducting, as 
otherwise the heat of the surrounding at- 
mosphere would pass inside and prevent the 
absolute zero from ever being reached. 

As expansion proceeds it will also be seen 
that the pressures become very low near the 
end, being approximately zero. In other 
words, in order to utilize the few pounds of 
pressure between the usual condenser vacuum 
and a perfect vacuum (corresponding to 
absolute zero), the usual steam cylinder 
would have to be made infinite in length 
and the piston at the lower rates of expansion 
would have to travel miles in stroke to 
develop work at the rate of but the merest 
fraction of a horse power. 

To arrive at a rational basis for determin- 
ing the real efficiency of the steam engine, it 
will only be necessary to bear in mind a few 
simple principles. First, that the amount of 
heat in a pound of steam exhausted from an 
engine is less than that contained in the 
same pound of steam when entering the 
cylinder. Second, that the difference between 
the heat in the entering steam and the heat 
in the exhaust steam is the amount which in 
the perfect engine would be turned into 
mechanical work, or horse power; or perfect 


entering heat—exhausted heat 
entering heat 


Third, that the actual practical efficiency of a 
steam engine is the ratio of the horse power 
which it actually develops from a given 
amount of coal, to the horse power that the 
perfect engine would develop from the same 
amount of coal. 

To obtain, therefore, the practical efficiency 
of a steam engine working under given con- 
ditions, it will be necessary to find, for ex- 
ample, the coal necessary to develop a horse 
power hour in a perfect engine and compare 
it with the amount actually used per horse 
power hour in the engine under consideration. 
To make more clear and simple the method 
by which this may be done, we will take up 
a particular case—that of a triple expansion 
engine working at 175 lbs. pressure above a 
vacuum (160 lbs. gauge), and exhausting 
into a condenser carrying a vacuum of twen- 
ty-six inches (two pounds back pressure), 
Furthermore, we will assume that such an 
engine may develop in actual work, an 
indicated hourly horse power on 1.4 lbs. of 
coal. 

The absolute temperature of the enter- 
ing and exhausted steam under the above 
pressures is 830 degs. F. and 586 degs. F., 
respectively, as may be determined from any 
steam table. Now it happens that the ex- 
pression for perfect efficiency, 


efficiency = 


entering heat—exhausted heat 
entering heat 


may be replaced by the expression, 


entering absolute temperature—exhaust ab- 
solute temperature 
entering absolute temperature ; 


therefore, the perfect efficiency in the case of 
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the engine under consideration= Ar 
29.4 per cent. ? 

That is to say, out of the heat in each 
pound of steam: supplied to a perfect engine 
working between the above limits of press- 
ure, only about 29.4 per cent. can be utilized 
under the conditions which prevail in our 
planet; furthermore, with a boiler efficiency 
of seventy per cent., we may say that only 
29.4 X .70 = 20.58 per cent. of the heat con- 
tained in the coal burned in the furnace of 
such a boiler can, in the world in which we 
live, be transformed into power in a steam 
engine working between the above limits 
under even perfect conditions—which con- 
ditions, of course, can only be approximated 
in practice. In other words, of one hundred 
pounds of coal fed to the furnace of a good 
boiler, the heat of only 20.58 lbs. is available 
for transformation into mechanical work be- 
tween the limits of pressure which have been 
here assumed, and which limits correspond 
to present practice in efficient working. 

Now, since we have assumed that the en- 
gine used as an illustration develops an 
hourly horse power on 1.4 Ibs. of coal, for 
each one hundred pounds of coal used per 
hour there will be developed 

coed 71.4 HP hours. 

1.4 
Our perfect engine could, as has just been 
shown, utilize 20.58 per cent. of the 100 lbs. 
of coal, or 20.58 lbs. A pound of good coal 
contains 14,000 heat units, so that 20.58 Ibs. 
will contain 288,120 heat units. On the 
other hand, a HP minute is equivalent to 
33,000 ft. lbs., or since there are 772 ft. lbs. 
to a heat unit—to 42.7 beat units; conse- 
quently a HP hour is equivalent to 2562 heat 
units. Dividing 288,120 by 2562 we have, 
finally, 112.4 HP that would be developed with 
100 lbs. of coal, in our perfect engine, or, in 
other words, if the steam were worked with 
no preventable losses or at perfect efficiency. 

From the above it follows that the practi- 
tical efficiency of the engine considered is 
aad = 63.5 per cent.—a figure quite differ- 
ent from the twelve or thirteen per cent. 
upon which popular writers base their wails, 
and an efficiency which will be recognized as 
a fair one for a good many machines other 
than the steam engine. i 

As the frictional efficiency of steam engines 
may be as high as ninety-seven per cent., it 
will be seen that the only room for improve- 
ment in general lies in increasing the working 
efficiency of the steam; that is, reducing the 
margin between 63.5 per cent. and roo per 
cent. in the instance above. The loss of thirty 
odd per cent. is principally from condensation 
and partly from radiation, leaks, clearance, 
etc. Watt early recognized the great loss 
from condensation, and experimented on the 
subject with wood-lined cylinders, and down 
to the present day attempts have been made to 
produce a non-conducting cylinder liner to 
reduce this principal loss. It would seem, 
however, that the greatest promise lies in the 
use of superheated steam. In any event it is 
not probable that any striking saving will be 
made at any time in the future with respect 
to the steam engine, as the 36.5 per cent. 
margin in the above case will most probably 
not admit of close paring, owing to the very 
nature of heat wastes. 
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Modern Armature Windings and Con. 
nections. 


BY CECIL P. POOLE. 


All armature windings are governed by the 
fundamental principles stated in the follow- 
ing rules: , 

1. The wires of each coil or group of coils 
must lead under magnet poles of opposite 
sign from opposite directions and under 
poles of like sign from the same direction, 
reckoning from end to end of the armature 
core. 2. The two ‘‘sides’’ of a coil on a 
drum armature should occupy relatively 
identical positions under magnet poles of 
opposite sign at the same instant. 3. When 
two or more individual coils are grouped 
in series, the ending of one should connect 
with the beginning of the next one of the 
group. 

Rule No. 1, more explicitly stated, means 
that the wires of each coil or group of coils 
must be so disposed that a current flowing 
through the coil or group with the armature 
at rest will pass through each individual 
wire in the same direction (say, from front to 
back) under the north pole or poles and in 
opposite direction (say, from back to front) 
under the south pole or poles of the field 
magnet. The term ‘‘sides’’, in rule No. 2, 
refers to those portions of the coil lying 


FIG. I. 


along the core parallel with the shaft. Rule 
No. 3 is usually rendered superfluous by the 
observation of No. 1, but it is a convenient 
reminder in practice and saves constant ref- 
erence to diagrams. 

Keeping the first two rules in mind, one 
may devise an almost endless number of 
combinations, and a goodly number has been 
advanced within the past ten or twelve years, 
but the demand of practical engineers for 
simplicity has relegated all fancy and eccen- 
tric winding schemes to historical record, 
where they do the least amount of harm. 
Hence, out of several hundred schemes sub- 
mitted, only about a dozen continucus-cur- 
rent windings have survived in practice. 
All of these are very slight modifications of 
the original plan of Pacinotti and that of Von 
Hefner Alteneck, commonly, but not quite 
accurately, spoken of as the Gramme and 
Siemens windings, respectively. These are 
the simplest possible forms of armature 
windings, and, as intimated before, are abso- 
lutely fundamental in character. Fig. 1 
shows diagrammatically the ring winding of 
Pacinotti and Gramme, and Fig. 2 the drum 
winding of Von Hefner Alteneck. In these 
and the succeeding diagrams the coils on 
the ring armatures have been represented as 
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having two turns each and those on the 
drum armatures one, for the sake of simpli- 
city. It will, of course, be understood that 


any practical number of turns may be sub- 
stituted, the only requisite being that the 
connections from the coil ends be made as 
shown. The arrow heads near the periphery 


indicate the direction of current flow; 
those coils marked o are short-circuited by 
brushes when they occupy the positions 
shown, and, therefore, do not contribute to 
the current flow in the general armature cir- 
cuits., The ring armature windings shown 
are designated as left hand windings because, 
tracing the convolutions from the front to 
the back end, they lead around the core 
from right to left; it is entirely immaterial 
whether the winding is in this or the oppo- 
site direction, so far as the efficient working 
of the machine is concerned; the only effect 
is upon the polarity of the brushes. Witha 
right-hand winding the upper brush in Fig. 
1 would be negative instead of positive in 
sign. ; 


The ring winding is easily traced, and in- 


dex letters opposite the coil ends in Fig. 2 
enable one to follow the drum winding with- 
out great difficulty; the current entering at 
the — brush goes half through coil 4, A, coil 
B, B, and so on to coil F, F, from which it 
passes to the + brush; the other half reaches 
the + brush by way of coils 1/M—LL—KK 
—J//—HH—GcG. 

Fig. 3 shows a ring winding identical 


with that of Fig. 1, but made operative with 
_four magnet poles instead of two by adding 
two brushes on the commutator. With only 
two brushes diametrically opposite there 
could be no current flow, as the current in 
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one-fourth of the winding opposes and 
equals in power that in the neighboring 
fourth. The two positive brushes are elec- 
trically connected together outside and the 
two negative brushes are similarly connected. 
The drum winding shown by Fig. 2 could 
also be operated in a quadripolar field by 
adding two brushes, but this winding is very 


seldom so used, because the one shown by 


Fig. 4 is much easier to put on and gives a 
smaller proportion of inductively-idle 
wire. The difference is that the coils follow 
Rule No. 2; the two sides of coil ÆÆ lie 
under magnet poles of opposite sign or po- 
larity, and as the north and south poles are 


N go degs. apart instead of 180 asin a bipolar 


machine, the sides of each coil are approx- 
imately that distance apart. The use iu the 
diagram of very few coils, to simplify in- 
spection, causes the coils to appear distorted; 
were there shown the usual number com- 
monly employed the upper side of coil Æ, 


-for instance, would occupy a position almost 


opposite the center of the N pole. The 
mechanical difference between the coils in 
Fig. 2 and those in Fig. 4 is greatly in favor 


FIG. 4. 


of the latter; if the coils are formed first and 
then put on the core, the go-deg. coils are 
much more easily put on or removed, and 
whether formed first or wound directly on 
the core, the “piling up’’ on the ends 
where the coils cross each other is more 
uniform and takes less room with go-deg. 
than with 180-deg. coils. Where the coils 
are wound directly on the core the differ- 
ence between the length of the shortest and 
that of the longest coils is much less with 
the go-deg. winding, giving better electrical 
proportions and reducing sparking. Fig. 
5 shows the back end of an armature core 
having three go-deg. coils on one side and 
three 180-deg. coils on the other; it will be 
noticed that the former cross each other at a 
greater angle than the latter, and the differ- 
ent crossings are farther removed from each 
other. Another advantage possessed by the 
go-deg. winding is that there is no tendency 
of the wires to pull inward against the 
shaft. 

Referring again to Fig. 4, the leads from 
each coil go to neighboring commutator seg- 
ments, just like those in Fig. 2; there is no 
particular necessity for carrying the leads so 
far around the commutator except to carry 
the brushes around the commutator to the 
so-called theoretical neutral point, For 
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convenience in connecting up, one end of a 
coil is usually brought straight out to the 
nearest commutator segment and the other 
carried around go degs. to the neighboring 
segment. The plan shown in Fig. 6 is, how- 
ever, preferable; each end of the coil is led 
around approximately 45 degs. toward its 
mate, so that the leads are of practically 
equal length. 

In the construction of multipolar machines 
two-circuit windings have come into univer- 
sal favor, their chief point of merit being 


FIGS. 5 AND 6. 


that the magnetic circuits may be entirely 
unbalanced without the troublesome or dis- 
astrous results which would be entailed under 
such conditions in multi-circuit armatures. 
The reason for this will be apparent upon 
inspection of Figs. 7 and 8 which show dia- 
grams respectively of ring and drum two- 
circuit windings. Here the winding is di- 
vided into two circuits each being subjected 
to the influence of all four magnet poles, the 
inductive effects in both halves of the wind- 
ing are therefore identical irrespective of dis- 
crepancies in the magnetic circuits. Refer- 
ring to Fig. 7, it will be noticed that the 
winding, instead of being a series of un- 
broken convolutions, as in Figs. 1 and 3, is 
divided up into distinct coils, the ends of 
which go to commutator segments almost 
diametrically opposite each other. It will 
also be noticed that the number of coils is 
odd instead of even. The coils of the drum 
armature (Fig. 8) are identical in form with 
those in Fig. 4, but the disposition of the 
commutator leads is different, correspond- 
ing with the arrangement shown in Fig. 7. 
The number of coils on a two-circuit arma- 


ture must be one less or one more than some 
(any) multiple of the number of poles on 
the magnet. 


The ends of each coil must go 


FIG. 7. 


to commutator segments whose distance apart 
in segments equals the total number of bars 
divided by the number of north poles on 
the machine, the remainder being ignored. 
For example, in Fig. 7 there are eleyen bars 
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and two north poles; dividing the former 
by the latter and ignoring the remainder 
gives the number five. Taking coil A, for 
instance, and counting from the segment to 
which the straight lead runs, the curved 


lead is found five segmentsaway. In count- 
ing the segments, the one from which the 
start is made is excluded. This rule applies 
equally well to two-circuit ring and drum 
armatures. 

An exception to this rule, however, is 
found in the winding shown in Fig. 9, but 
the rule governing the number of coils still 
applies. Here there are twice as many com- 
mutator segments as coils, and the ends of 
the coils are led to adjacent segments, but 
the ends of adjacent coils are not connected 
directly together. A system of auxiliary 
connections is employed to electrically unite 
opposite commutator. bars. The diagram 
shows these connections as though a part of 
the winding, but in practice they are formed 
by a nest of spiral copper strips just back of 
and attached directly to the commutator 
segments. The leads from the armature 
winding are brought out to the commutator 
entirely regardless of these auxiliary connec- 
tions. The advantages gained by this plan 
are the reduction of the difference of poten- 
tial between adjacent commutator segments, 
and the short-circuiting of only one coil 
at a time by each brush; in the windings 
shown by Figs. 7 and 8 two coils are short- 
circuited by each brush. This winding re- 


FIG. Q. 


quires for a six pole machine, //7 ce times as 
many segments as coils, and the auxiliary 
connections unite bars 120 degs. apart in- 
stead of diametrically opposite; for an eight- 
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pole machine four times as many bars as 
coils would be required, and segments 90 
degs. apart are connected, and so on. 

The disadvantage of the winding lies in 
the multiplicity of commutator connections; 
there are no undesirable magnetic or elec- 
trical features provided the auxiliary con- 
nectors are given an abnormal cross-section 
to avoid heating; built up in a nest as they 
are, they have very little effective radiating 
surface and get no artificial ventilation worth 
speaking of. Fig. 10 shows a drum winding 
which corresponds with the ring winding 
just described; the same remarks apply to 
both. 

In machines supplying very heavy cur- 
rents, windings known as double windings 
have been successfully used with a view to 


dividing up the current among a greater . 


number of circuits and reducing the poten- 
tial difference between adjacent commutator 
segments without using the auxiliary con- 
nections of Figs. 9 and 1o and dividing the 
armature conductors into strands. This 
method consists broadly of putting two sep- 
arate and distinct two-circuit windings on 
the armature core, the coils of one winding 
alternating with those of the other. A sin- 
gle commutatar is used for both windings, 


the segments alternating in conformity with 
the coils. Considering each winding separ- 
ately, it is exactly like either of those shown 
by Figs. 7 and 8; Fig. 11 shows a double- 
wound, two-circuit ring. The brushes-are 
made sufficiently thick to cover at least two 
complete segments, and usually cover about 
two and a half segments. This puts the 
two windings in parallel, and the coils of 
one winding are short-circuited by the brush, 
while a commutator segment, which is en- 
tirely disconnected from the winding, is in- 
terposed between the two segments belong- 
ing to the short-circuited coils; this very 
materially reduces the tendency to sparking 
and enhances the smoothness of commuta- 
tion. The electrical advantages of the wind- 
ing shown by Fig. 7 are secured with easier 
commutation and without the constructional 
disadvantages of the plan in Fig. 9. The 
corresponding drum winding consists of two 
windings like that shown by Fig. 8, put on 
the core and connected with the commuta- 
tor as above described. Double windings 
may, obviously, be applied to any winding 
plan, the only change being to put on two 
distinct windings of the plan chosen, double 
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the number of commutator segments and 
make the brushes of the requisite thickness. 
‘There are, naturally, a good many modifica- 
tions of the windings herein described, and 
some of them are in limited use in special 


cases, but the diagrams given cover all the 
plans of low and medium potential continu- 
ous-current windings now in general use in 
this country. 


NORTHWESTERN ELECTRICAL ASSOCIA- 
TION. 


At the convention of the Northwestern 
Electrical Association held at Marinette, 
Wis., July 15, 16 and 17, another success was 
added to the record of this vigorous young 
organization. While the attendance was not 
comparable to that of meetings of the sev- 
eral national electrical bodies, this was due 
rather to the necessarily limited member- 
ship, than to any lack of interest in the ob- 
jects of the association or in the proceedings 
of its sessions. The secretary reported a 
large number of new admissions, and indica- 
tions point to still greater growth and pros- 
perity. 

Considerable discussion was held concern- 
ing the collection of data from central 
stations within the territory of the associa- 
tion, and an effort will be made during the 
coming year to obtain complete data relating 
to the cost of electric lighting in all central 
station towns in Wisconsin and contiguous 
territory in Michigan and Minnesota. 

The movement to prevent hostile legisla- 
tion will be continued, and it was shown 
that efforts in this line during the meeting 
of the Legislature in Wisconsin for the last 
couple of years have been crowned with 
much success, particularly in preventing leg- 
islation unfavorable to the establishment of 
municipal lighting plants at the expense of 
local plants. 

The most prominent feature of the discus- 
sion was a very vigorous attack by Mr. John 
I. Beggs upon the National Electric Light 
Association, the main points of which are 
given below. 

President Baker in his address referred to 
the desirability of continuing the efforts to 
obtain data concerning the cost cf electric 
lighting from various central stations, in 
order that members may thereby be enabled ` 
to meet false statements designed to influ- 
ence municipal bodies and the publie. It 
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was recommended that a close relationship 
should be established between electric light 
and insurance companies, as recently much 
hardship had been caused by the action of 
insurance inspectors in condemning wiring. 

Secretary T. R. Mercein reada paper on 
the recent Convention of the National Elec- 
tric Light Association and the National Elec- 
trical Exhibition, at which he represented 
his association in an official capacity. He 
referred to the feeling of antagonism between 
the National Electric Light Association and 
electrical manufacturers, which feeling, he 
stated, had not been thus far evident at any 
meeting of the Northwestern Association. 
Mr. Mercein pronounced the papers pre- 
sented at the New York Convention as both 
too technical and theoretical and not calcu- 
lated to meet the demand for general prac- 
tical information. He also considered that 
the discussions were not spontaneous, and 
said he was struck by the aggressive manner 
of those asking information on, the subject 
at hand, there seeming to be a desire to trip 
up the speaker, and many questions were ap- 
parently aimed at his discomfiture. In this 
respect he contrasted the uniformity of at- 
tention and courtesy accorded to speakers 
before the Northwestern Electrical Associa- 
tion. He also referred to the marked con- 
trast waich he found between the free, span- 
taneous courtesy and hospitality of the West 
and the comparatively strained conventional 
manners of Eastern entertainers. Following 
are abstracts of the papers and disscussions: 


INSURANCE OF ELECTRICAL, PLANTS. 


Two papers were presented on this subject, 
one by Mr. C. C. Paige, and the other by Mr. 
R. H. Pierce. The former was a protest 
against the growing severity of electrical in- 
spection, which in some places had caused 
the suspension of electrical service. In an- 
swer to the question, ‘ Are the changes and 
improvements demanded by the insurance 
inspectors necessary to prevent fire and acci- 
dent?’ Mr. Page feels that the answer will 
be “No,” and his opinion is that under- 
writers’ rules for wiring and installing ap- 
paratus for both publie buildings and resi- 
dences should be somewhat modified. 

Mr. Pierce, in his paper, discusses more 
particularly the subject cf the insurance of 
central stations, and after considering the 
several methods of insurance—by stock fire 
insurance companies, mutual companies and 
self insurance through securing the maxi- 
mum safety through the use of proper con- 
struction—-he pronounces in favor of the first 
named, stating that the plan of forming 
central station Mutuals has been weighed 
in the balance and found wanting. 

The third methcd mentioned, of securing 
maximum safety and then taking the 
chances, he considers may be the best in 
some, but only in very special cases. If the 
central station plant is so designed, installed 
and operated as to reduce the fire hazard to a 
minimum, the stock insurance companies 
will ask a minimum rate of insurance, which 
in most cases, will be so small as to be no 
burden to the owner. Theadded investment 
necessary to meet insurance requirements, 
he believes, will not only be profitable on 
account of lower insurance premiums, but 
also through involving a smaller chance 
of interruption to service, less repairs and 
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smaller depreciation. The present rules, 
formulated by the Underwriters’ National 
Electric Association, were spoken of as rep- 
resenting much thought, investigation and 
experience. In conclusion Mr. Pierce sums 
up by saying that the solution of the insur- 
ance problem is in intelligent construction 
and operation, and that the way to determine 
how to design, install and operate plants and 
how to improve existing plans, is to carefully 
study and freely discuss the requirements of 
the Underwriters’ National Electric Associa- 
tion as adopted by the various insurance 
bodies, and then apply the right principles 
and methods to the plants, both in design 
and operation. 

In the discussion on the above papers, 
much complaint was made concerning the 
recent action of insurance inspectors in re- 
quiring old wiring to be made to conform to 
the latest rules. One of the speakers pro- 
tested against the rule concerning ‘‘fishing 
wiring,” and another declared that one 
State inspector did not know the ordinary 
distinctions and differences between wiring. 

Mr. Cuno took a more favorable view of 
the situation, and said that the worst trouble 
was rather in the constant chanyes in the 
rules rather than in their severity. He thinks 
it is the safest way for every central station 
to do the work in strict conformity with in- 
surance rules, and that a good job isa credit 
to both the clectrical company and to the 
community, and obviates trouble. 


TWO-AND-A-HAI,F-WATT LAMPS. 


Mr. C. J. Buckley addressed the conven- 
tion on the subject of 2!'2-watt lamps, his 
argument being that it was simply a ques- 
tion whether a central station man should 
continue to use and burn low efficiency lamps 
on which the manufacturers made a consid- 
erable profit, or whether the manufacturers 
would have to get themselves together and 


increase their investment and make a lamp - 


upon which central stations could make a 
profit. He believed that the lamp mauufact- 
urers shculd be required to made a lamp 
that will give customers a higher candle 
power and better service; that will increase 
the capacity of stations to make money, and 
and not, as at present, let the profits rest en- 
tirely with the lamp manufacturers, 

Mr. Beggs stated that the Edison Com- 
panies had made a formal proposition to 
lamp manufacturers as follows: Acceptance 
of lainps to be based upon a test of one lamp 
from each barrel, the test to run for 600 hours 
under an expert appointed by the several 
lighting companies; that for each five per 
cent. which the lamp falls below the standard, 
there shall be deducted ten per cent. from 
the price of the lamp, and that if the lamp 
is ten per cent. Ingher than specifications, 
five per cent. more shall be paid for it, 
which increase shall be continued until it 
reaches one hundred per cent. more than 
the specifications require, when fifty per 
cent. more shall be paid. Every lamp shall be 
run until it drops to 12.2 cr, when the life 
of that lamp shall be considered ended. Mr. 
Beggs believes that it is a very difficult thing 
to produce a good 2'3-watt lamp, though 
some lamps of the type to which he had refer- 
ence, had been made that burned for 1,000 
hours. It was not known what caused this 
long life, it being a mere accident, but it 
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showed that the elements were there, and 
the effort should now be to discover what 
these are. 


NATIONAL ELECTRIC LIGHT ASSOCIATION, 


Mr. John I. Beggs, in the discussion of 
the paper of Secretary T. R. Mercein, re- 
ferred in very unfavorable terms to the pres- 
ent condition of the National Electric Light 
Association, which he declared simply ex- 
ists at present to make a ‘‘fat position” for 
one man. He stated that he has challenged 
the National Electric Light Association to 
show a single thing it has ever done for 
the benefit of central stations, and the chal- 
lenge stil] remains open. He condemned 
the lack of action concerning the encroach- 
ment of the manufacturing companies in 
lighting fields, stating that the committee 
appointed for that purpose had not convened 
since it was named, fifteen months before 
the New York meeting. He did not know 
of a single thing done at the recent meeting 
of the National Electric Light Association 
which would interest any representative of a 
central station anywhere in the United 
States; that scarcely any resolutions passed 
by that association amounted to anything, 
because its membership is too meagre and 
unrepresentative; ‘they do not represent 
anything of importance, I say advisedly; 


‘they represent a few large companies ina 


few large cities, but the large companies in 
the large cities are in many instances con- 
trolled by the very people who are interested 
in exploiting apparatus.” Mr. Beggs said 
he had attended tour meetings of the 
National Association, had labored in sea- 
son and out of season trying to make it 
an active, aggressive body laboring in the 
interest of electric lighting generally, but 
that all of his efforts had been without avail. 
The example of the Northwestern Electric 
Association had led him to believe that local 
or sectional organizations were much more 
valuable than the National body under dis- 
cussion. ‘fo illustrate the slackness of the 
methods of the officers of the Association, 
Mr. Beggs said that he had presented a reso- 
lution, which was unanimously and enthusi- 
astically passed, to print at once a valuable 
paper which was presented at the New York 
Convention; and that while there was no 
reason why the paper should not have been 
distributed before the close of the Conven- 
tion, yet he did not receive a copy of it 
until over two months after the close of the 
meeting, although the paper was only six or 
eight pages long. 


THE RIGHTS OF ELECTRICAI, COMPANIES. 


In a paper with the above title, Mr. W. 
Clyde Jones, of the Chicago Bar, pave a 
resumé of the legal principles governing the 
use of the streets and highways for clectrical 
purposes. 

After discussing the case of the electric 
railway, it is stated that the question as to 
whether or not trolley poles and wires intro- 
duce a new servitude has been a hard fought 
battle, resulting in a decision in the afirma- 
tive in some of the states and in a decision 
in the negative in other states. The most 
approved tendency, however, is toward the 
view that the electric street railway with 
its auxiliaries of poles and wires does not 
linpose upon the street an additional burden 
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for which the abutting property owner must 
be compensated. 

With respect to electric lighting wires and 
poles, since the same conductors are also em- 
ployed for supplying current to street lamps 
it was argued that this was a public necessity 
and therefore a proper use of the street. 
Where the plant is owned by the municipality 
the placing of the poles and wires in the 
street has been held to be a proper use, im- 
posing no new burden. Where the plant is 
owned by private parties, though used for 
street lighting, some courts have held the use 
of the streets to be a proper use, while others 
have held to the contrary. Where private 
plants have been used for private lighting 
only, there has also been a division of opin- 
ion. The tendency of decision, however, 
is toward the view that the use of the street 
for electric light wires is a proper use of the 
street, not imposing a new burden on the 
street such that abutting property owners 
must be compensated. 

The telephone, since it calls the streets 
into service for its pole lines, has been at- 
tacked on the same grounds as the telegraph, 
since the telephone is but one form of tele- 
graph. The argument may be made with 
more force, however, that the telephone 
assists in the use of the street for transporta- 
tion purposes, since the many telephone con- 
versations relieve the streets of the passage 
of the individuals who would otherwise have 
to meet in order to hold the conversations. 
The tendency of decision is, nevertheless, 
toward the view that the telephone, like the 
telegraph, imposes a new burden on the 
street for which the property owner is en- 
titled to compensation. 

Concerning injury to underground piping 
from electrolysis produced by electric rail- 
way return currents, it is a well established 
doctrine that every one should so use his own 
as not to interfere with the rights of others, 
and it would therefore seem to be the duty 
of the electric railway companies to so oper- 
ate their systems as not to interfere with 
mains laid in the street, and if the use of the 
ground circuit is essential, to devise some 
means to prevent deleterious action upon the 
pipes. A number of methods have been pro- 
posed which are claimed to prevent the de- 
struction of the pipes, and if this be the fact, 
the question arises whether the courts will 
not hold the electric railway companies re- 
sponsible for damages done to the mains 
when it is within their power to prevent such 
damage by the employment of available 
means. 


ALTERNATING CURRENT MOTORS. 


The most interesting paper, from the tech- 
nical standpoint, read at the meeting was 
one by Prof. Dugald C. Jackson,giving an ac- 
count of some comparative tests of alternating 
current motors made last winter by Messrs. 
J. H. Perkins and W. H. Williams in the 
laboratory of Wisconsin University. Five 
horse power, alternating current motors of 
the following makers were tested: Fort 
Wayne Electric Corporation—two-phased; 
Stanley Electric Manufacturing Company— 
three-phased; Westinghouse Electric & 
Manufacturing Comipany—two-phased; Gen- 
eral Electric Company—three-phased. 

A 5-HP, three-phased motor made by the 
Allgemeine Electricitats Gesellschaft, of Ger- 
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many, was also included in the tests, and re- 
sults of tests on machines made by the Oer- 
likon Works and by C. E. L. Brown, of 
Switzerland, were obtained. A 10-HP West- 
inghouse two-phased motor was also tested. 
A capacity of 5-HP in the motors to be 
tested was chosen, as that may be consid- 
ered to be near the average capacity of 
motors used in the service of ordinary cen- 
tral stations. The results of the tests may 
therefore be accepted as representing, for 
the central stations, comparative results be- 
tween the average motors which they may 
use on alternating current systems, and the 
results may also serve as a basis for com- 
parison between average conditions of operat- 
ing with continuous current and alternating 
current motors. 

When Silvanus P. Thompson wrote his 
book on polyphase currents, in 1895, he set 
forth as the requisites for a good alternating 
current motor that: 1. It shall exert a good 
torque at starting; 2. It shall be capable of 
running at a nearly .constant speed at all 
loads; 3. It shall yield in mechanical power 
a high percentage of the power put into it— 
that is, it shall have a high commercial 
efficiency. 

There are three additional requisites which 
Prof. Thompson overlooked, but which de- 
termine to fully as great an extent the 
success of the motor. These are: a. The 
motor shall have a high power factor; b. It 
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was measured by indicating wattmeters, the 
two-wattmeter method being usually em- 
ployed. 

6. Currents and apparent watts were ob- 
tained from the readings of ammeters and 
voltmeters im each circuit. 

c. Outputs were measured by a special self- 
adjusting Prony brake which proved to be 
entirely reliable. 

d. Disturbance of the circuits upon start- 
ing the motors was determined by observ- 
ing the action of incandescent lamps con- 
nected to independent transformers, and by 
voltmeter readings of the pressure on the 
lines. 

e. The torque which the motor could 
exert when starting (‘‘ static torque’’ of the 
recapitulation) was measured by clamping 
the brake up tight and then balancing the 
pull of the motor. This is by no means the 
starting torque of the polyphase motors 
(that is, the torque corresponding to the 
load which the motor is capable of pulling 
up to speed), unless the armature starting 
resistance is subdivided. In only one of the 
polyphase motors tested was this the case, 
and allthe others showed a starting torque 
below the maximum running torque. The 
results of the tests are clearly shown in the 
accompanying table and set of curves. 

Four out of the six motors tested affected 
the incandescent service disastrously, and 
showed the absurdity of attempting with 
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shall not require an abnormally large cur- 
rent from the lines at the instant of starting. 
c. It shall not cause a large unbalancing of 
the pressures on the lines of a polyphase cir- 
cuit. 

The requisites, a, ò and c, are so impor- 
tant that if they are overlooked, a motor 
cannot give satisfaction to the central 
station man, however completely Prof. 
Thompson’s requirements are fulfilled. 
The last two requisites are especially impor- 
tant where the motors are to be supplied 
directly from the lighting circuits. 

In order to determine how far the alter- 
nating current motors in the market fulfill 
these essential requirements of a machine 
which will give satisfaction when operated 
on the circuits of a central station plant, 
Messrs. Perkins and Williams made tests of 
the following points: 

a. Starting torque and current; 6. Speed 
regulation; c. Commercial efficiency at all 
loads; d. Power factor at all loads; e. Start- 
ing current; /. Effect on the line pressures 
when starting. 

The measurements were made by the fol- 
lowing methods: 

a. The power absorbed by the machine 


them a combined service onthe same circuits 
as the incandescent lighting in those plants 
where regulation and the satisfaction of the 
customers is considered of importance. The 
tests show that the alternating current motors 
give a regulation and efficiency equally satis- 
factory to that given by continuous current 
motors, but the power factors of most of the 
machines are small for part load, the starting 
currents excessive, and the starting torques 
with the present arrangement of starting re- 
sistances are unduly small, 

The best performance of the American 
five-horse-power machines lies between 
No. 3 and No. 5 of the tables. These ma- 
chines will stand well above the others. 
They are about even in starting torque, but 
No. 5 will carry considerably the higher load 
before dropping out of its pace; No. 5 also 
regulates the better and has the higher 
efficiency. On the other hand, No. 3las a 
power factor incomparably better than any 
of the Other machines. The question of 
efficiency and power factor affects the central 
station as follows: 

1, AS power is (or at least always should 
be) sold by meter, the consumer pays for the 
losses of his motor, and it is of interest to 
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the central station that the motors have a 
high efficiency only in order that a fair price 
per kilowatt hour delivered to the customer 
may not prove to convert into an excessive 
or even prohibitive per horse power hour, net, 
which is delivered by the motor to the cus- 
tomer’s machinery. 

2. On the other hand, the power factor 
strikes the central station directly; since a 
low power factor causes an increased current 
output, with an accompanying increased loss 
in the lines and transformers, and, even 
worse, with a demand for an excess capacity 
and therefore of cost in the generating ma- 
chinery and transformers. 

Supposing that the average load that may 
be assumed to be carried by a 5-HP motor is 
3\4-HP, which is ordinary service; then the 
average efficiency and power factor of motor 
No.3 are 75% percent. and 83% per cent. and 
of motor No. 5 are 85 per cent. and 59 per 
cent. In other words, the central station 
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4. In this case, arrange to operate all the 


lamps on one phase to avoid, as far as possi- 


ble, difficulty in regulation, and install sucha 
generator and system of lines as will enable 
the use of motors. 

5. Motors intended for such use should be 
guaranteed to have a high power factor and 
to start without taking an excessive current 
from the lines. 

6. Never use recording ammeters with 
alternating current motors if you really in- 
tend to develop a power service, but use re- 
cording wattmeters to indicate the power 
absorbed by the motors. 

7. Where two-phase or three-phase motors 
are used, place two recording wattmeters, 
properly connected, to indicate the total 
power by summing their readings. (A 
single special meter, made up to serve the 
purpose of the two may be used, but such an 
instrument is not now on the market. 

This summation is based on the assump- 
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CURVES OF TESTS OF POLYPHASED MOTORS. 


must install over 40 per cent. greater capac- 
ity in generators, lines and transformers to 
supply a given power service to motor No. 
5 than would be necessary if motor No. 3 
were used. This difference appears to wipe 
out the difference of 10 per cent. in efficien- 
cies. In other words, the central station 
owner supplying power to motor No. 3 could 
probably afford, if necessary, to sell his 
power at enough lower price per kilowatt to 
make the customer’s horse power of the 
same cost as if supplied by motor No. 5, and 
yet make more money and have better reg- 
ulation on his plant. 

The question of power distribution for 
alternating current stations, as 7/ now stands, 
resolves itself into this: 

1. If you have a 500-volt continuous cur- 
rent power service, stick to it. 

2. If you can develop a large power serv- 
ice within a radius of two miles from the 
station, put in a 500-volt continuous current 
outfit. 

3. If you can develop a small power serv- 
ice only, which cannot afford a duplication 
of apparatus, or your distances are excessive, 
then arrange to use alternating current 
motors, 


tion that uniformity of pressure at the 
lamps is valued by the central station man. 
Carelessness in regard to regulation is one 
of the features which has militated against 
the financial success of many alternating 
current stations, and its importance should 
be borne carefully in mind when consider- 
ing the advisability of a combined light and 
power service. The lighting is generally 
the most important service to the station, 
and nothing should be done to injure its 
regularity and reliability. 
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The Good Old Times. 


In an address delivered before the recent 
convention of the Northwestern Electrical 
Association, Mr. John I. Beggs illustrated 
the difference between former and present 
methods of selling electrical machinery, by 
the statement that in the ‘‘Good Old Times,” 
half the purchase price was taken in cash 
and half in bonds, and as the cash consider- 
ation was twice the cost of the apparatus 
sold, the bonds were used by the selling 
agents for lighting cigars as they left the 
town ! e 
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220-VOLT LAMPS. 


By CONVERSE D. MARSH. 


Although high-voltage lamps were used 
experimentally in two stations in this country 
for several years, they were not practically 
employed until Mr. W. N. Stewart, of Min- 
neapolis, representing the Siemens & Halske 
Company, applied to my company for a 220- 
volt lamp with which to compete with the 
Edison three-wire system. The number of 
successful plants now installed and running 
attest the complete victory of the high-volt- 
age system in central stations of moderate 
size operating over somewhat scattered terri- 
tory. Following in our wake many attempts 
have been made to produce a standard of 
220-volt lamps, consisting of a single filament 
supported in the middle of its length. We 
are now able to produce these lamps at an 
efficiency slightly below four watts per can- 
dle power, and their excellent life is well 
shown by the many expressions of approval 
we have received. ) 

Not only are they used by central stations, 
but many power plants running on a voltage 
of from 200 to 550 are employing them. 
We have made them up as high as 260 volts. 

Reports from users indicate that altera- 
tionsin wiring are inconsiderable. Strange 
as it may appear, the breaking of the arc by 
key sockets is more successfully done with 
220 volts pressure than with 110, the long- 
drawn yellow flame being succeeded by a 
short blue spark when the circuit is inter- 
rupted. 

Our lamps have been in active use since 
the summer of 1894, and we attribute our 
success in their manufacture at such a com- 
paratively early period to the fact that our 
workman to whom the chief steps in the 
manufacture were entrusted, had experi- 
ence in the production of high-voltage lamps 
dating back to 1891. 
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HIGH-VOLTAGE INCANDESCENT LIGHTING. 


We are enabled to present herewith re- 
ports from a number of central stations and 
lighting plants using 220-volt lamps, from 
which it will be seen that the experience 
with high-voltage working in this country 
has been no less satisfactory than abroad. 


Mr. Andrew King, superintendent of the 
Edison-Allegan Light & Power Company, 
Allegan, Mich., which was one of the earliest 
central stations in this country to adopt 220- 
volt lamps, writes as follows: 

“We have had fairly good results from 
220-volt lamps, and we are now displacing 
the 110-volt lamps as fast as practicable. 
There is no change required in the fittings 
except, of course, to change the connections 
on the three-wire system from 110 volts to 
220 volts. The greatest trouble at first met 
with was through short circuiting in the 
lamp base, and the drooping of the filament 
when the lamp hung at an angle, which 
caused it to touch and crack the glass; these 
objections are now being overcome to a great 
extent, and it is safe to say that all the low- 
voltage lamps will soon be replaced by those 
of 220 volts.” 

Mr. Frank A. Moss, chief engineer of the 
Ontonagon ( Mich.) central station, which 
uses 220-volt lamps exclusively, states that 


124 


he finds the high-voltage system entirely 
satisfactory and preferable to low-voltage 
working. 

Mr. C. M. Morgan, superintendent of the 
Preston ( Minn.) Electric Light Works, says 
that at present the central station at Preston 
is not entirely completed, and while he 
therefore cannot make a statement based 
upon actual working, he is satisfied from the 
study given to the subject before deciding 
upon the 220-volt system that it will give en- 
tire satisfaction. 

Mr. R. M. Hiskett, superintendent of the 
Ft. Howard ( Wis.) central station writes as 
follows: : 

‘“ We have the two-wire, high-voltage sys- 
tem using 220-volt incandescent lamps and 
burning arc lamps four in series from the 
same machine. We have found the 220-volt 
lamp fully as satisfactory as those of lower 


voltage, both in life and in maintenance of 


candle power. Some makes of lamps hav- 
ing long slender filaments require careful 
handling to prevent short circuiting, and all, 
of course, are of lower efficiency than low- 
voltage lamps, ranging from 3% to 4 watts. 
We have found it necessary in nearly all 
cases to materially alter interior wiring in- 
stalled for low-voltage lamps before substitut- 


IMPERIAL 220-VOLT LAMP (Full size). 


ing 220-volt lamps. fuse 
rosettes, plug cut-outs, smaller cut-outs and 
short-break switches, etc., are unfitted for 


220-volt circuits, as they arc badly, burning 


The ordinary 
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the contacts and cracking the porcelain. 
Nothing but cut-outs with long fuses, and 
quick, long-breaking syitches, can be used. 
Altogether our experience with the 220-volt 
system has been most satisfactory, and under 
the same conditions we would not want to in- 
stall any other.” 

The El Reno (O. T.) Electric Light Com- 
pany has been operating a direct-current,220- 
volt system and at first experienced some 
trouble in getting good lamps. Mr. Wim. 


Richards, president of the company, writes 
that ‘‘ From the day we started until July 25, 
our engine varied forty-eight revolutions per 
minute when twelve arc lamps were thrown 
on, consequently the voltage had to be 
watched and regulated constantly. 


But in 


EDISON 220-VOLT LAMP (Full size.) 


the face of this sudden and severe fluctua- 

tion, with “ Imperial ” 220-volt lamps the 

hardship thus imposed has been withstood 

better than with any of the other makes. 
The Imperial lamps are as much more effic- 
ient as to life, candle power and current con- 
sumption as is the Corliss engine we have 
just started over the engine replaced." 

Mr. Thomas G. Smith, Jr., Cmeinnati, O., 
who as consulting engineer had charge of 
the design of the Norwood (0.) central 
electric lighting station writes as follows: 

‘*Our experience in the use of 220-volt in- 
candescent Jamps has not been of such 
length as toenable us to speak with cer- 
tainty born of long acquaintance with the 
subject; however, we are certain that our 
experience so far has been very satisfactory. 
We find that the 220-volt lamp will stand a 
greeter range of voltage than the 110; in 
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fact, we have had 220-volt lamps burning 
for a considerable period of time on as high 
as 265-volts, without signs of distress. 

‘The principal load on the Norwood sta- 
tion at present is about 150 constant-poten- 


COLUMBIA 220-VOLT LAMP (Full size.) 


tial arc lamps for street service; the incan- 
descent load has not been taken on, except 
about twenty lights in the station building; 
I believe an examination of this station and 
the system in use, would be of interest to 
many of your readers in this section, and I 
am sure they will he welcomed at any time. 

“The experience in the operation of this 
station, up to date, has been a direct refuta- 
tion of some of the most plausible and pre- 
sumably sincere statements made by repre- 
sentatives of some of the leading electric 
manufacturing companies.” 

Mr. S. Kirlin, electrician of the Monte- 
video Roller Mills, Montevideo, Minn., 
states that the 220-volt plant in his charge 
has been in operation only since last winter, 
but during that period it has been highly 
satisfactory in every respect. ‘‘ Weare using 
the ‘ New’ Edison type lamps, and find that 
they give excellent service on this system, 
some of them having burned over 1500 hours, 
and are still giving good service. Every one 
who has seen our plant says that the light is 
superior to any they have seen elsewhere. 
I believe that the 220-volt system for lighting 
and power, for reasonable distances, is the 
coming system.” 

Mr. Joseph Kenney, chief engineer of the 
New York Custom House, states that his ex- 
perience with 220-volt lamps has been very 
satisfactory. 
Custom House, and of these an average of 


1600 lamps are installed in the 
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600 have been in use daily since February. 
Many of the original lamps (‘‘ New ” Edison 
type) are still burning in places where they 
have been constantly in circuit for over 1400 
hours, and these show but little diminution 
in candle power. The fittings are the same 
as were used when the Custom House was 
lighted from a 50-volt alternating commer- 
cial circuit, and no trouble has been experi- 
enced, though the ceiling rosettes, of which 
many are in use, are of an exceptionally 
small size. Two 75-KW generators are in- 
stalled, one being held in reserve; two 
Sprague elevators are run from the same bus 
bars as the lights. Mr. Kenney considers that 
the adoption ofthe 220-volt system for the 
Custom House was a wise measure, and pre- 
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dicts that the high-voltage system of light- 
ing will rapidly extend. 

Mr. H. S. Patten, electrical engineer of 
the New York Heat, Light & Power Com- 
pany, states that 220-volt lamps have been 
used on some of the circuits of his company 
with considerable success, and will probably 
be introduced on all circuits when proper 
fittings come on the market, and assurances 
are received that satisfactory high-voltage 
lamps can be secured at all timesin sufficient 
quantities. The only drawback thus far ex- 
perienced in the use of the lamps has been 
on account of fittings. The fuse blocks on 
low-voltage circuits have not been found 
suitable for 220-volts, and as yet no substi- 
tutes are regularly on the market. 

A manufacturer of high-voltage lamps 
writes as follows: 

‘Regarding 220-volt lamps, or, to speak 
more generically, the 220-volt lamp, I can 
say that the manufacture of these lamps in 
accordance with a small demand from cus- 
tomers, commenced about four or five years 
ago. The first lamps were, of course, more 
or less unsatisfactory, it being a new develop- 
ment, and the lamp itself difficult to manu- 
facture. Since that time, the quality of the 
lamps manufactured has gradually improved, 
and the demand for them has steadily in- 
creased. The total output of these high-volt- 
age lamps is still small in comparison with 
standard lamps of from 100 to 125 volts, but 
the customers who are using them find 
greatly increased satisfaction since their first 
introduction. 
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‘* Some of the obstacles to the use of 220- 
volt lamps are, first, the fact that cut-outs, 
switches, etc., for this high voltage have not 
yet been developed, and consequently the 
lamps have been used with the 100-volt fit- 
tings; second in regard to the manufacture of 
the lamps themselves, the filament is of nec- 
essity along and slender one, and cannot 
be ‘treated’ to the same extent as the 
stouter standard filaments. Were manu- 
facturers to attempt marketing a 200-volt 
lamp of the same efficiency (three watts per 
candle) as the 100-volt lamps, the filament 
would be so exceedingly fine that its stability, 
and consequently its life, would not be satis- 
factory. These high-voltage lamps, therefore, 
for the present at least, will be handi- 
capped by being of a somewhat lower effic- 
iency than standard lamps.” 


_——— S 


NIAGARA POWER AT BUFFALO. 


By Nov. 4 next, the cars of the Buffalo 
Railway Company will be driven by elec- 
tric power generated at Niagara. The 
two-phased system of transmission will be 
employed, the two-phased currents at the 
generators being transformed to three- 
phased currents and the voltage stepped up 
at the same time. The contracts were made 
between the Cataract Construction Com- 
pany, supplying the electricity, and the 
General Electric Company, and between 
the latter company and the Buffalo Power 
& Conduit Company controlling the supply 
and distribution of Niagara electric power in 
Buffalo, and the Buffalo Railway Com- 
pany. The contracts provide for all the 
apparatus and machinery necessary for 
the transformation up, transmission, transfor- 
mation down, conversion and delivery of 
1000 HP to the overhead wires of the 
Buffalo Street Railway system. 

The contract with the Cataract Construc- 
tion Company covers three of the air blast 
type transformers. These will be the largest 
transformers ever constructed, and will step- 
up the Niagara 2200-volt, two-phased currents 
to either 11,000 or 22,000 volts three-phased. 
Any two of the transformers together will 
deliver 2500 HP.; the third is a spare one. 
It is the intention to commence transmission 
operations at 11,000 volts, and later to in- 
crease the capacity of the transmission 
system by increasing the potential to 22,000 
volts, for which pressure the transformers 
will be designed and insulated. The pole 
line will be erected by the White-Crosby 
Company, and will have a capacity sufficient 
to transmit 40,000 HP. This line will run 
from the transformer house at Niagara Falls 
along the two mile line road near the track 
of the New York Central and Erie Rail- 
roads, will cross the creek at Division Street, 
and from Tonawanda to the Buffalo city 
line will follow the canal banks. 

For transforming the power down and 
converting it into that suitable for street 
railway purposes, the Power & Conduit 
Company will use four static transformers 
of about 360 HP each, and two 500-HP rotary 
converters. The transformers will reduce 
from the line potential of either 11,000 or 
22,000 volts to 400 volts, at which voltage 
the three-phased currents will be turned into 
rotary converters, and then converted into 
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direct railway current of 5500, volts. These 
transformers and converters will be set up in 
the Niagara Street power station. The 
latter will be compound wound, and will 
operate in multiple with the steam driven 
generators supplying the balance of the 
power necessary for the operation of the 
railway system. They will be of the iron- 
clad type with steel frames, with collector 
rings for the three-phased currents at one 
end, and a commutator for the direct current 
at the other. They will have six poles and 
will run at 500 r. p. m., and are similar to 
that placed in the Niagara power house to 
furnish current to the Buffalo & Niagara 
Falls Railroad. 


NATIONAL ELECTRIC LIGHT ASSOCIATION. 


President Nicholls of the National Electric 
Light Association in a recent report gives an 
account of the work that has been accom- 
plished under his administration since the 
May convention. All of the larger electric 
manufacturing companies have been com- 
municated with in regard to the matter of 
their agents assisting movements looking to 
municipal ownership, and satisfactory assur- 
ances were received from all except one 
company, not only with respect to the par- 
ticular case to which the communication re- 
ferred, but also as to a general policy for the 
future that will not countenance rendering 
aid in attacks on private interests. Corre- 
spondence has been instituted with municipal 
authorities of each city and town in the 
United States with the object of securing, 
from official sources, statistics relating to 
the number of arc lamps in use, the Cr- 
hours of burning and the cost of a lamp per 
night, and a preliminary report accompanies 
the president's communication giving the 
above information for 400 cities and towns, 
the list covering a large majority of the 
principal installations. The Secretary of 
State of each of the States in the Union has 
been communicated with, with a view to 
making arrangements to have regularly for- 
warded to the Association copies of all the 
bills introduced in each State that may deal 
with the rights of electrical companies. A 
large majority of the States have acceded to 
the request, ‘and all bills thus far received are 
on file in the secretary’s office. The report 
of the recent Convention is stated to be in 
the printer’s hands, and will be delivered to 
members not later than Sept. 1. The record 
thus far made by President Nicholls is an 
enviable one, and the Association is to be 
congratulated upon the energy and ability 
displayed by the present executive head in 
carrying out its objects. 


— e 


INCANDESCENT LAMP COMBINATION. 


For some time past a report has been current 
that a number of the larger incandescent 
lamp companies of the country have entered 
into a combination to regulate competition 
and to increase the price of incandescent 
lamps to twenty cents. This report has not 
yet been confirmed, but it is known that ne- 
gotiations have been under way for some 
time, and rumored that a preliminary ar- 
rangement has been decided upon, but not 
yet formally put into effect. 


NOTES. 


Electric Motors in Iron Works.—At the Car- 
negie Iron Works at Pittsburg, there are in 
use more than 200 electric motors, ranging 
from 5 to 100 HP capacity, and aggregating 
in the neighborhood of 3000 HP. 


A Golden Anniversary.—The Scientific Amer- 
ican has commemorated its fiftieth year of 


existence by the issue of a handsome special 


number giving a review of the development 
of the industrial arts in the United States 
during the past half-century. Electrical 
achievenients are chronicled in a series of 
articles entitled ‘‘The Telegraph,” ‘‘The 
Submarine Cable,” ‘‘ The Telephone,” ‘‘The 
Phonograph’’ and “The Electric Motor.” 
Among the illustrations of historic interest 
are cuts of Morse’s pendulum instrument of 
1837 and his telegraph of 1844, Edison’s first 
phonograph, the early forms of the telephone 
and electric motor, etc. Our esteemed con- 
teniporary, the Nestor of American technical 
journals, has lost nothing of vigor through 
age and, we hope, will continue to grow in 
prosperity. 

Sir William R. Grove.—That the inventor of 
the Grove battery was until recently still 
alive was doubtless a surprise to those who 
read the notice of his death, which occurred 
in London, Aug. 2, at the age of eighty-five. 
Though known best in electrical circles as 
the inventor, in 1839, of the Grove battery 
which bears his name, he had many other 
claims to fame. He was one of the founders 
of the theory of conservation of force, 
which subject was treated in a lecture de- 
livered in 1842, and subsequently in an essay 
on ‘‘The Correlation of Physical Force,” 
written the following year. He was knighted 
in 1872 and was a fellow of the Royal Society 
and a member of a number of foreign scien- 
tific bodies. From 1872 to 1887 he was on 
the bench, being Judge of the High Court 
of Justice for twelve years. 


The Electrician and the Wattmeter.—At the 
recent meeting of the Canadian Electrical 
Association, a member related that his firm 
had shipped a wattmeter for use on a light- 
ing circuit, and shortly after a complaint 
was received that it would not operate. A 
copy of the instruction book was forwarded 
with the suggestion to see if the plugs which 
held up the armature from the jewels had 
been taken out. A reply was received, with 
thanks for the information, stating that they 
had not been removed. Later it was reported 
that the meter still failed to operate anda 
severe complaint made about it; upon in- 
vestigation, however, it was found, that 
the local electrician had taken the meter up 
to the garret of the house and laid it down on 
its back, notwithstanding the clearly ex- 
pressed instructions as to the manner of 
setting up. 


Municipal Robbery.— At the recent meeting 
of the Northwestern Electrical Association, 
one of the speakers related an instance of 
the gross injustice now so frequently visited 
by municipal authorities upon owners of 
central stations, At Logansport, Ind., a 
municipal electric lighting plant was put in 
—ayents of manufacturing companies, ac- 
cording to the speaker, being responsible 
for the measure— aud started on the basis of 
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7% cents per kw-hour. In the meantime 
the private plant had spruced up and gave 
an excellent service at a low price, commer- 
cial arcs being furnished at from $4 to $7 per 
month. The city consequently found it 
difficult to compete, especially in arc light- 
ing though more or less trouble was also 
met in incandescent lighting. Finally, the 
authorities ordered the poles of the compet- 
ing company to be cut down, which was 
done and its existence thus ended. 


Patent Law.—In a recent paper Mr. Walter 
S. Logan, a patent attorney, argues that there 
is no logic in the present requirement of 
technical novelty, and proposes that the 
Federal statutes be revised as follows: “Any 
person who has invented or discovered any 
useful art, machine, manufacture, or com- 
position of matter, or any useful improve- 
ment thereof, not theretofore generally 
known or used, may, upon payment of the 
fees required by law and other proceedings 
had, obtain a patent theretor.’’ He also 
proposes another modification whereby 
profits of an invention are to be divided 
where dona fide, independent inventors, inde- 
pendently reach the same useful results, 77 
ignorance of one another. There is no ques- 
tion but that such modifications would 
greatly increase the business of patent attor- 
neys, and the words we have italicized offer 
prospects of accompanying litigation that 
should make the proposals most enticing to 
the legal fraternity in general. 


A Deserved Honor.—Mr. Oliver Heaviside © 


has been placed by the British Government 
on its civil pension list in recognition of his 
contributions to electrical science. Though 
his writings are unnecessarily difficult to 
read on account of an erratic style, and are 
also marred by poor puns and other eccen- 
tricities, Mr. Heaviside is the intellectual 
succesor of Maxwell. As remarked by an 
English contemporary, Mr. Heaviside has 
chosen for his life work the investigation of 
problems so abstruse, and he has so ccnsis- 
tently disdained to turn aside to make 
money out of even the most practical of his 
investigations, that his work must needs be 
unremunerative, and therefore the pension 
in this case was peculiarly well applied. 
Although his work has largely been in the 
domain of theory, the parts relating to tel- 
egraphy and telephony have had a direct 
practical value, and in the near future when 
the wave theory of electricity will have 
taken its proper position to the exclusion of 
all others, the great value of his books will 
become more evident than at present. 


Uniawful Commissions.—An English court 
recently rendered a decision assessing danı- 
ayes against a firm which had paid commis- 
sions to a buyerof another firm. The buyer, 
it appears, made a confession upon his death 
bed concerning his practice of accepting 
commissions, and implicated a firm of Shef- 
field cutlers. His employers obtained con- 
firmation by means of a letter written under 
an assuined name, of the readiness of defend- 
ants to subsidise its late buyer's successor,and 
thereupon entered suit and recovered the 
amount of commissions paid to its former 
employe. In summing up, the judge, Lord 
Russell, said:—‘' These corrupt bargains are 
malignant cankers. It is a system dishon- 
est to the fair trader, dishonest to the fair 
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employer. If the evil continues to exist as 
it has existed in the past, the Legislature 
must take measures to cut out the canker. 
It is unnecssary to point out how the evils 
work; they operate to the detriment of the 
honest trader, who is above such nefarious 
practices.”’ 


The New York Trade School.—In a pamphlet 
just issued by this institution, the course of: 
instruction is very fully described. Many 
illustrations are included giving views of the 
work performed in the various departments 
of the school, which is justly famous for the 
remarkable results which it has achieved 
under the Auchmuty system, which was here 
originated. Instruction in electrical work 
is given on Monday, Wednesday and Friday 
evenings, from 7 to 9.30 o'clock, commenc- 
ing October 19 and ending April 8. The 
fees are $16 for the course, and the class is 
reserved for young men between seventeen 
and twenty-two years of age. The manual 
instruction is as follows: 1. Bell work; an- 
nuciators; fire alarm; batteries and connect- 
ing same. 2. Telephones, both single and 
metallic circuit. 3. Telegraph work. 4. 
Electric lighting, including low tension, in- 
candescent and arc lighting; high tension 
series arc lighting; alternating high and low 
tension. Calculating sizes of wires. 6. 
Methods of distribution of wires. 7. Con- 
necting dynamos, motors, converters, and 
switchboards, and the care of same. 8. 
Storage batteries. During the course, lect- 
ures applicable to these various subjects are 
given. 


Technical Journalism.—In a recent address, 
Col. H. G. Prout, editor of the Railroad 
Gazette, spoke—perhaps somewhat too opti- 
mistically for general application—as follows 
concerning technical journalism : ‘‘ The for- 
tune of the editor of the engineering paper 
is that le is working for a select audience. 
He is working for an audience that demands 
of him, first, that he shall tell the truth 
above all things; an audience which demands 
a certain discretion and modesty of opinion; 
an audience which has discovered that wis- 
dom does not fall like a mantle upon him 
and clothe him the moment he sits down in 
an editorial chair; and the sooner the editor 
discovers this the better for his business. 
The editor of the engineering journal very 
soon finds that he cannot establish a wisdom 
trust, and that the first thing expected of 
him is to speak the truth, and that he is ex- 
pected not only to be truthful in intent, but 
to carry it into effect; and these, gentlemen, 
appear to me the greatest reasons why you 
are getting a better class of technical litera- 
ture to-day than you had ten years ayo—the 
great reasons why technical journalism 
stands on an honored foundation, and the 
great reasons why we may hope that the en- 
gineering press will go on in the years to 
come to work steadily for the profit and 
the glory of the engineering profession.” 


Acetylene Gas as an Enricher.—In a paper on 
acetylene gas read before the recent Conven- 
tion of the Canadian Electrical Association, 
the admission was made that the gas is not 
suitable as an enricher for water gas. One 
of the members commented on this assertion 
as follows: “ We all of us know that there is 
precious little coal yas manufactured. Very 
nearly all the gas compamies are running 
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with water gas. If that is really the case 
there does not appear to be very much field 
for this product as an enricher for the or- 
dinary gas of commerce, as we may call it. 
The gas companies for the sake of using it as 
an enricher would never exchange their 
water gas plants and go back to the old 
methods of producing coal gas at a vastly 
“greater expense in order to use acetylene gas, 
though manufactured at a tremendously low 
rate. My remarks are with reference to gas 
plants all over the country. We are all 
aware that the largest gas plants are water 
gas plants.” In reply to a criticism on the 
absurdity of estimating the cost of a 24-hour 
electrical horse power at $5 per year, the 
author made tlie statement that ‘‘ about 200, - 
ooo HP are available in the Province of Que- 
bec at that price. The reply to a question as 
‘to the location of that power was, ‘‘In the 
backwoods somewhere!”’ 


Compressed Air Traction. Mr. R. A. Parke 
in Compressed Air protests against the 
“wholly incorrect and misleading state- 
ments ” which have been made by those who 
desire to befriend the use of compressed air, 
and asserts that the efficiency of the electric 
trolley system cannot reasonably be expected 
to be materially surpassed by that of a com- 
pressed air storage system operating under 
the most favorable conditions; and that it is 
certain it cannot be nearly approached by a 
compressed air system which stores air at 
such high pressures as have been recently 
proposed. Calculations are made which, 
Mr. Parke states, render it evident that a 
compressed air system which might compare 
very favorably in point of efficiency with 
the electric trolley system when operating 
under a storage pressure of 500 lbs., would 
be hopelessly out of competition in this 
direction if operated with a storage pressure 
of 2000 lbs. Taking sixty-five per cent, as the 
efficiency between the steam engine and car 
axle for compressed air at 500 lbs. pressure, 
he shows that this 1s reduced with 2000 lbs. 
pressure to thirty-seven per cent. or to forty- 
three per cent. under the most economical 
conditions. Coming from a compressed air 
engineer and appearing in the organ of the 
compressed air industry, these facts form a 
a significant commentary on the inflated 
clainfS of those exploiting the compressed air 
traction systems now on the stock market. 


Iron Loss of Transformers.—In a recent lect- 
ure Prof. J. A. Fleming said that in Great 
Britain there are at present about fifty alter- 
nating current central stations, supplying 
not less than 1,100,000 8-cp lamps. This 
amount of lighting requires the expenditure 
of 54,000 HP, or 40,800 Kw at full load, and 
hence the transformer capacity is at the very 
least equal to 40,000 KW. These transform- 
ers all contain an iron core, which has to be 
magnetized and demagnetized 200 times a 
second, or 6,000,000 times a year. The total 
weight of iron cores in the whole of the 
transformers will be certainly not less than 
400 tons, and it will require at least 400 KW 
to maintain the magnetization of these cores. 
If these transformers are connected with the 
circuits only, on the average 4000 hours a year 
it is very easy to see that the magnetisation 
of the cores of the transformer will require 
not less than 1,600,000 KW hours spent per 
annum in magnetism, and this means at 
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least 16,000,000 Ibs. of coal, or 8000 tons. 
Hence, in the United Kingdom there are at 
least 400 tons of iron forming the cores of 
transformers, and these involve at least an 
expenditure of 8000 tons of coal, costing 
some $30,000 to maintain that magnetization. 
It is, therefore, Professor Fleming adds, 
easily seen that the study of the construction 
of the alternate current transformer, and its 
possible improvement, is one which is not 
at all unimportant from an engineering 
point of view. 


Statistics of Electric Traction.—The follow- . 


ing electric railway statistics for the United 
States, compiled by the Street Railway 
Journal, indicate an industrial develop- 
ment rarely, if ever, equalled, representing. 
as they do, a growth of practically less than 
seven years. For purposes of comparison, 
statistics of horse and cable street railways 
are added: 


Miles. Cars, 
Electric Railways............ £2,133 34,971* 
Horse E E T 11,219 5, 385 
Cable ts ib eae eer 5,099 4 Syt 


* 26,242 motor cars, 8,729 trailers. 
t 3,329 grip cars, 1,542 trailers. 


The following table gives the distribution 
in the United States of the mileage and cars 
of electric railways: 


CARS. 


Motor. |Trailers. 


4,808 760 
10, 382 1,373 
PSSI $577 
1.295 275 
1,876 744 


New England 


Eastern States...... 
Central States....... 
Southern States..... 
Western States...... 


It will be noted that the proportion of 
trailers to motor cars varies considerably in 
the several divisions ef territory, the per- 
centages being, in the order above given, 
16 per cent., 13 per cent., 7I per cent., 20 
per cent. and 4o per cent., respectively. 
The funded debt of the street railways of 
the United States is $590,596,391, or $40,800 
per mile of track, and the total capital lia- 
bilities are $1,375,410,162, or $95,000 per 
mile of track. 


Cheap Water Powers.—In Powcrand Trans- 
mission for July, Col. Samuel Webber gives 
some interesting figures as to the cost of 
several well-known water powers. At Au- 
gusta, Ga., the Jolin P. King mill pays the 
city $6.88 per yearly HP for 1,468 net HP of 
water; the cost of the wheel pits, tail and 
head races was $25,000, and of the turbines 
and shaftings the same sum, making an 
annual charge per HP of $3.42 on the 
basis or ten per cent. for interest and depre- 
ciation. Adding seventy-five cents for atten- 
dance and oil; the total cost at the turbine 
shaft is $11.05 per yearly HP. At Columbia, 
S. C., $7.00 per yearly HP is charged for 
water in quantities of less than 500 HP and 
$5.00 for larger quantities. In one instance 
where 2,000 HP are used, the cost of pit and 
races was $55,000, and of wheels $20,000, 
making a total expenditure of $37.50 per HP. 
The annual charges are $3.75 for interest and 
depreciation, $5.00 for water and $1.00 for 
expense and attendance, making $9.75 annu- 
ally, not including charge on electrical 
plant. At Carritunk Falls, Me., on the Ken- 


. nebec River, there is a natural rock gorge at 


the dam site, which made the cost of perma- 
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nent construction very low. The volume of 
water is considered reliable for 5000 HP all 
the year, though but 3000 are now utilized. 
In this case the outlay for dam, flume, head 
gates, wheel pits, etc., was about £15.00 per 
HP on a basis of 3500 HP, and the cost of 
wheels for 3000 HP was about $9.00 per HP, 
or $24.00 in all. Taking depreciation and 
repairs at two per cent. each, taxes and in- 
surance at one-half per cent. each, super- 
vision at one per cent. and interest at five 
per cent., the annual fixed charges are eleven 
per cent., or $2.64 in all. Adding sixty 
cents for race and seventy-five cents for 
attendance the total becomes $3.99 per yearly 
HP. Mr. Webber, in conclusion, says that 
taking the investment at Carritunk Falls as a 
minimum at $24.00, the cost in any ordinary 
case will not be likely toexceed that at Con- 
cord or $78.88 for the mininium flow, and that 
an average of $50.00 per HP may be considered 
as a fairly safe estimate under ordinary con- 
ditions for dam, canal, wheel pits and wheels. 


Sunshine and “ Moonshine.”"—A Dr. Adam 
Miller recently delivered a lecture before the 
Chicago Academy of Science which is char- 
acteristic of a vast amount of twaddle in- 
flicted on the public under the guise of 
scientific theory. After making the dog- 
matic assertion that ‘‘ Electromagnetism 
plays an important part in Nature's strange 
phenomena,” the Doctor enounced the fol- 
lowing startling theory:—‘“If gravitation 
alone acted on celestial bodies, without the 
counteracting and controlling influence of 
electromagnetic repulsion, suns and their 
satellites would be drawn into a solid mass, 
and wreck and ruin would be the result. 
This is a truth that has scientific demonstra- 
tion.” The “scientific demonstration,” 
unfortunately, was not given, though it 
should largely exceed in importance and 
interest the lunar ‘“‘demonstration” by 
which Newton established the gravitational 
theory which the Doctor, in such few words, 
so thoroughly disposes of. We are also in- 
formed—unfortunately again without ‘‘scien- 
tific demonstration’’—that ‘electricity per- 
forms an important part in producing the 
light of the sun and in conducting its rays of 
light through interstellar space to the differ- 
ent planets and their satellites. It is the 
thing outof which sunshine ismade. By its 
action on the sun’s rays they are chanyed 
into light and heat, by which all forms of 
life are made possible on earth.” The Doc- 
tor also alludes to some experiments he has 
made—which, however, he neglects to de- 
scribe—which ‘‘naturally lead to the conclu- 
sion that revolving planets in their rapid 
movements through space may be centers of 
power to evolve electromagnetism to an al- 
most unlimitedextent. Ifthe planets are the 
offspring of the sun we may naturally con- 
clude that they contribute their part in sup- 
plying the grand old luminary with materials 
out of which sunshine is made.” The 
“natural conclusion” of the Doctor is a 
favorite with his class of ‘‘scientists’’, and 
seems to differ from the syllogistic conclu- 
sion in that it is untrammeled by premises 
and above the servitude of facts. With a 
Michelson and others within call, would it 
not be well for the Chicago Academy of 
Science to submit papers before acceptance 
to competent authority for judgment? 
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Rontgen Ray Apparatus. 

The articles in this issue by Drs. Houston 
and Kennelly, and Prof. McKissick, on Ront- 
gen ray apparatus furnish precise indications 
as to the parts and arrangements of such an 
apparatus for commercial and medical pur- 
poses, as well as giving directions for mak- 
ing such parts as cannot be readily se- 
cured in the market. The practical informa- 
tion here given is, we believe, the first of its 
kind published, and should prove particularly 
useful in advancing the use of the Röntgen 
ray in hospital work, since by its means any 
skillful electrician can there make the nec- 


essary installation. 
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Inverted Arc Lamps. 

The use of inverted arc lamps does not ap- 
pear to take hold in this country as in 
Europe, notwithstanding the satisfactory 
results attained in the several cases where in- 
verted arcs have here been used. The advan- 
tages for large interiors are certainly mani- 
fest, as an illumination may thereby be ob- 
tained approaching nearly that of daylight 
and, above all, without the eyes being ex- 
posed to the glare of numerous centers of 
besides, by contracting the 
iris, causes an actual waste in lighting. Of 
course, some height of ceiling is required 
in order to obtain the best effect from an in- 
verted arc, and as there are little data on 
this subject, it would pay the large user of 
incandescent lights to try the experiment 
with an arc lamp rather than wait for defi- 
nite information on the subject. Even ifa 
failure, something will be gained from the 
more attractive appearance of the room in 
which the experiment has been tried, from 
its walls and ceilings having been previously 
whitewashed or painted. 

a en 2 
High-Voltage Incandescent Lamps. 


The information gathered from various 


sources and printed in another column, con- 
cerning the practical working of high-volt- 
age incandescent lighting will be found of 
much interest. As will be seen, the experi- 
ence with 220-volt lamps has been uniformly 
favorable, and in view of this testimony and 
the similarly favorable experience in Eng- 
land, an account of which appeared in our 
July issue, there can remain little doubt but 
that high-voltage incandescent lighting has 
before ita wide field of usefulness, particular- 
ly in smaller towns and for large isolated in- 
stallations. The lower rated efficiency of 
the high-voltage lamp is somewhat of a dis- 
advantage, but this to some extent is com- 
pensated for, it would appear, by a lengthy 
The 


low and 


life and little drop in candle power. 
difference of efficiency between 
high-voltage lamps, after all, is not so great 
as might be thought in view of the present 
talk about 2'4-watt standard voltage lamps. 
If the comparison were made with 3'3-watt 
standard, voltage lamps, it would more 
nearly be in accordance with actual practice 
at present and perhaps fora lony time to 


come, 
<> ai 


Lighting Towns and Small Cities. 

Little judgment is usually displayed in 
selecting street systems of electric lighting for 
Arc 


lighting is almost invariably adopted, in 


Villages, towns and smaller cities. 
some cases doubtless not from choice, but 
through fear that a less glaring svstem of il- 
lumination might be considered to indicate 
a spirit too retiring on the part of the com- 
munity employing it. Yet for villages and 


towns and for residence streets of smaller 


(Vor. VIII. No. 4. 


cities, arc lighting is not only out of keeping 
with the surroundings, but less efficient than 
incandescent lighting both economically 
and optically, and where there is much foli- 
age these disadvantages are intensified. An 
exception should be made with respect to 
the business streets of more important towns, 
while even in smaller places a few arc lights 
can be usefully applied, at least during cer- 


tain hours. 


For towns and smaller cities the ideal sys- 
tem of illumination is by the incandescent 
series system for residence streets and out- 
lying districts, with arc lights for the main 
business streets, which latter lights may be 
employed only during business hours, cir- 
cuits of incandescent lamps replacing them 
after the stores have been closed. As to the 
relative cost of arc and series incandescent 
lighting, let us assume that a 1200-CP arc 
costs $80 per year and that the annual cost 
of a 24-cP incandescent lamp is $14 per year. 
The average horizontal intensity of a 1200-cP 
arc will not average over 300-cP, which is 
equivalent to a cost of $6.40 for each 24-cP of 
light; but the average efficient illumination 
over the territory served will be less than 
with the rated candle power equivalent in 
incandescent lamps on account of the better 
distribution of the light from the latter. 
This comparison takes into consideration the 
waste of light in the immediate vicinity of 
an arc through its too great intensity, but 
does not consider the blinding effect on the 
human eye when subjected to such great 
variations of illumination as are incident to 
arc lighting when the lamps are widely 
spaced. Iun a future issue we hope to print 
some curves illustrating the relative cost of 
efficient illumination by the two systems. 

ae a ig ae 
Another Patent Decision. 

The vagaries of patent litigation were 
again illustrated in a recent decision of a 
Federal Circuit Court of Appeals, bearing on 
the sale of trolley stands by others than the 
owners of the broad trolley patent. In 
March of this year when the case came be- 
fore the Circuit Court whose decision has 
just been so modified as to practically 
amount to a reversal, that Court held that 
the defendants could not lawfully sell trolley 
stands, though such stands were not covered 
in detail by the fundamental trolley patent 
of the complainant, and though they were 
merely sold to be used by purchasers to re- 
pair or replace parts of original equipments 
sold by the complainant. The reasons given 
by the Court for this view were, that the sup- 
ply of the parts in question in reality inten- 
tionally aids other parties in the unlawful 
making, selling or using of the patented sys- 
tem as a whole; and that the replacement of 


a lawful by an unlawful trolley base or stand 
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is nota legitimate repair, but a reconstruc- 
tion of the combination patented. AH par- 
ties, the opinion stated, were infringers who 
contributed toward the infringement of the 
entire combination by supplying necessary 


and durable parts thercof. 


On July 29 the higher court before which 
the above case caine on appeal took what ap- 
pears to be a diametrically opposite view of 
the legal points involved. The opinion quotes 
with approval a precedent stating that “if a 
person legally acquires a title to that which 
is a subject of letters patent, he may 
continue to use it until it is worn out, or 
he may repair it or improve upon it, as he 
pleases, in the same manner as if dealing 
The 


opinion also holds that the trolley stand 


with property of any other kind.” 


is not the vital part of Van Depoele’s inven- 
tion, though a portion of it is an element of 
the combination; and th:.t while it is not in- 
tended that a trolley stand should be broken, 
or should lose its useful capacity, either 
calamity may befall it, and the right to re: 
place the injured part by a new stand 
from any one who can supply the article, 
should be conceded by the owners of the 
patent. Moreover, if, the day after his pur- 
chase from the owner of the patent, a pur- 
chaser chooses to substitute a stand which is 
better made and better adapted to his pecu- 
liar needs, he has a right to do so. 


One of the judges filed a separate opinion 
taking still stronger grounds than those 
just quoted. It states that trolley stands can 
be as legally sold as the rails, the poles, the 
wires, the screws, the paint or any other ar- 
ticle which may be required for use by those 
who own and operate clectric railways in 
which improvements covered by the patents 
of the complainant are used. An electric 
railway company can repair its trolley 
stands, substitute new ones for those old or 
worn out, or substitute a better or im- 
proved kind for those originally bought of 
the complainant, and any one has an equal 
right to make and sell the stands to such 
railways for that purpose. As to contributory 
infringement, the defendant being entitled 
to sell trolley stands, he is under no obliga- 
tion before selling them to inquire whether 
the purchaser intends to make an illegal use 


of the stands. 


The argunients used with respect to the 
trolley stand apply, of course, with still 
greater force to the trolley pole and wheel, 


so that the effect of the decision is to enable 


street railways to purchase all trolley repair - 


or substitution parts from whomever has 
them for sale, thus reducing the monopoly 
of the patentee to the profit on the original 


trolley equipment. If the principle here 
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laid down is accepted by the courts in gen- 
eral, the value of many other patents will be 


notably decreased. 


Zinc in Boilers. 

When surface condensers were first gener- 
ally adopted for marine use, the gravest 
trouble was experienced from pitting in 
boilers. A British Royal Comunission ap- 
pointed to investigate the cause of the pit- 
tiny, made one of the most exhaustive studies 
ever given toa subject of the kind, and in 
its report advised the employment of zine in 
boilers to counteract galvanic action, and 
recommended that petroleum cylinder lubri- 
cants should alone be used, vegetable and 
animal oils being strongly condemned on ac- 
count of the corrosive fatty acids formed 
under conditions similar to those existing in 


boilers. The two recommendations were at 


once adopted in marine practice, and trouble 


from boiler pitting almost entirely ceased. 
Unfortunately, two remedies being applied 
at once, their effects could not be differen- 
tiated, and though no difference of opinion 
now exists as to the necessity for the use of 
mineral cylinder lubricants, the zinc ques- 
tion has remained an open one for a quarter 


of acentury. 


For some years marine engineering opin- 
ion has inclined against the utility of zinc in 
boilers, and there appears to be very good 
grounds for this view. The arguinent orig- 
inally advanced in favor of the use of zinc 
was, that its presence made a galvanic cell 
of the boiler, and being electro-positive to 
iron, electrical action was concentrated on 
the zinc, the iron being thus protected. As, 
however, the electro-negative particles car- 
ried into the boiler from the material of the 
condenser were supposed to be deposited in 
small pellets where the pitting occurred, the 
action on this assumption was a local one, 
such as occurs in impure battery zincs, and 
this explanation fails. An additional theory, 
however, was advanced, according to which 
the entire surface of the iron of the boiler 
becomes, merely through the zinc contact, 
passive to electrolytic corrosive influences. 
One of the reasons offered in support of this 
theory was that the iron pot of a certain 
type of voltaic cell is not attacked by the 
acid contained on account of being thus ren- 
dered passive, but subsequently it was shown 
that this was due to an iron oxide formed 
on the surface, which protected the metal. 
Apparently through a confusion of ideas, 
zinc also came to be considered as a scale 
preventive. Among the a posteriori argu- 
ments advanced in favor of this use was one 
asserting that electrical action deposits a thin 
layer of hydrogen on the iron, which pre- 
vents the adhesion of scale; and another 


based upon an assumed action of the electric 
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currents generated and passing through the 
water, in keeping apart the scale-forming 
molecules and thus causing them to be de- 


posited merely as a powder. 


Whether any or all of the above theories 
are well founded happens to be a matter of 
indifference, for in practice the essential 
condition upon which they are based does 
not obtain. In order to have any electrical 
action whatever there must be metallic con- 
tact between the iron and zinc, and no such 
lasting contact can be maintained in a boiler, 
at least with the methods in vogue for se- 
curing the zinc. The contact surfaces may 
be ever so carefully cleaned, and the great- 
est of care taken to secure metallic contact 
when the zincs are originally suspended, yet 
in avery short time the zinc will be electri- 
cally insulated from the boiler by deposits 
between the contact surfaces. If, however, 
some method were devised to insure contin- 
uous electrical contact, the case would not 
be improved, owing to the very rapid con- 
sumption of the zinc that would ensue on 
account of the low resistance of the electri- 
cal circuit. Owing to the great area of 
iron surface opposed to the zinc, and the im- 
purities (particularly if saline) in the water, 
the internal resistance of the iron-zinc voltaic 
cell would undoubtedly be small, thus pro- 
ducing a large current, which would rapidly 
consume the zinc or, in some cases, result in 
a layer of an insoluble zinc salt quickly form- 
ing on the surface that would serve to pro- 


tect it from further electrical action. 


It has been noticed that in a few hours 
after placing zinc in a boiler using sea water, 
and in which steam had been raised in the 
meantime, the surface of slabs assunied a 
condition not different from what is usually 
noticed after months of immersion, thus 
pointing to a strong action when the contact 
and surface were clean—the final crumbling 
away of the material probably being due 
to chemical rather than to electrical action. 
The result of the use for many years of zinc 
in the boilers of naval vessels has been nega- 
tive; in some cases where tests were made 
by suspending zines in only part of the 
boilers of a vessel, no difference in scale 
formation or pitting was noted between the 
boilers containing zinc and those from 
which it was absent. As the arguments 
in favor of the use of zincin boilers are little 
more than speculative, and since, besides,the 
conditions upon which they are based do not 
obtain in practice; in the lack therefore, of 
positive evidence of beneficial effects from 
the use of zinc, it would seem that an engi- 
neer is reasonably safe in assuming that he 
can neglect applying this so-called remedy 


for the evils to which a steam boiler is heir. 
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CONSTRUCTION OF A TESLA-THOMSON 
HIGH FREQUENCY COIL. 


BY PROF. A. F. MCKISSICK. 


The following is a description of the con- 
struction of a Tesla-Thomson high frequency 
coil, large enough to give a five-inch spark 
and excite Rontgen ray tubes. 

To excite the Tesla-Thomson coil, a high 


S 
[i 


tCLOOCOC US CAOC OL^VCLLC 


——--G -eM 


SECONDARY WINDING“ 31 B. & 8. 
(TEN COILS) 


ae CARD BOARD 1% THICK 
FIBRE }p7 INSULATION 


EEEN 


ND FILLED WITH SMALL SOFT IRON WIRE 


AMERICAN ELECTRICIAN. 
is shown in Fig. 2, and can be easily made 
of wood. The wire is wound in this form, 
shellaced, removed, taped and baked. These 
coils are then slipped over the primary wind- 
ing, between each coil being placed a disk 
of cardboard % in. thick, care being taken 
to connect the coils so that none will be in 
opposition. 

The spark gap (see Fig. 3) is made as 
shown in diagram. The copper wires fit 
rather close in the holes drilled through the 
hard rubber tubing, so that the length of 
gap can be adjusted with ease. 
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FIG. I.—HIGH TENSION TRANSFORMER. 


potential transformer of from 10,000 to 
15,000 is necessary. The construction of 
this transformer will be first given. Fig. I 
gives a partial cross-section of the trans- 


FIG. 2.—FORM FOR WINDING COILS. 


former, which is made as follows: A two- 
inch iron pipe, sixteen inches long is slotted 
the whole length, either in a milling ma- 
chine, planer or shaper. This slot need not 
be more than şin. in width. The pipe is 
then insulated with ordinary wrapping paper 
to an outside diameter of 2% ins., shellac be- 
ing freely used, and is then wound with No. 
13 B. & S. double cotton-covered wire for its 
whole length (one layer). Itis then covered 
with paper and shellaced until the outside 
diameter is 25 ins. 

The next step is to fill the pipe with soft 
iron wires, No. 16 B. & S., each wire being 
cut eighteen inches long. This completes 
the primary winding of the high tension 
transformer. 

NO. 2 B. & S. COPPER WIRE 


HARD RUBBER TUBE 
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FIG. 3.—SPARK GAP. 


The secondary winding of this transformer 


The condenser is made of ordinary 10in. X 
12in. window glass. A sheet of tin foil 8 ins. 
X 10 ins. is pasted on one side of the glass 
with shellac, leaving a margin of one inch. 
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STRIP 
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FIG. 4.—CONDENSER PLATE. 


(See Fig. 4.) A strip of tin foil two inches 
wide is placed across one corner, this strip be- 
ing placed alternately on each side. For each 
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Place on a smooth surface a condenser plate 
with the connecting strip projecting on the 
right. On top of this plate place another piece 
of glass, 10 ins X 12 ins., that has no tin foil on 


PRIMARY HIGH TENSION TRANSFORMER 


SECONDARY HIGH TENSION TRANSFORMER 


CONDENSER 


PRIMARY HIGH FREQUENCY COIL 
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FIG. 6.—DIAGRAM OF CONNECTIONS. 


it atall. Then place a condenser plate with 
the strip projecting on the left. Then a 
piece of glass without tin foil, and on top of 
this a condenser plate with the strip project- 
ing on the right, and soon. This construc- 
tion gives two thicknesses of glass between 
each sheet of tin foil, which is absolutely 
necessary. 

The high frequency coil is made as fol- 
lows: Wind an eight-inch paper cylinder 
eighteen inches long with No. 31 B. & 8S. 
double cotton-covered wire (or larger), 
leaving a margin at each end of about one 
inch. This is the secondary winding. The 
primary winding is placed on a twelve-inch 
paper cylinder eighteen inches long and 
consists of fourteen turns of four No. 8 B. & 
S. double cotton-covered wires in parallel. 
Each of these No. 8 wires is wound on sep- 
arately, then the four ends at the beginning 
and ending are soldered together. Between 
wires of different polarity, as an extra pre- 
caution, two turns of cord are wound. The 
primary and secondary coils are then shel- 
laced and baked. After being baked, the 


00000000909000900 29090002000CC00000000% DO0QQDQDDOQDQ00OCODDCOO 
PRIMARY COIL FOUR 8B. & S. WIRES IN PARALLEL 


Se eecesesesseseeeeeseseses SOOS OSES EEE SE EEH HELE SE EEO ETTORE EEE TETR EE REEOS COE Oe 


— COL OCOUDDOC CUODDDODDODDODNOOOCOC90DO COON LE CONOODDDOOV DSC UCN ON OCHO COCO O00 00000009 


FIG. 5.—PRIMARY AND SECONDARY COILS OF HIGH FREQUENCY TRANSFORMER, 


side of this condenser there should be fifteen 


consists of ten coils wound in a form and plates. 


thoroughly taped and insulated. This form 


To build this condenser proceed as follows: 


secondary coilis placed concentrically (see 
Fig. 5) inside the primary and the connec- 
tions as shown in Fig. 6 then made. 
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The primary of the high tension trans- 
former must be excited with an alternating 
current. With a frequency of 60 cycles per 
second 50 volts will suffice, and for 125 cycles 
per second 100 volts. The length of the spark 
from the secondary of the high frequency 
coil will depend on the width of the ‘‘ spark 
gap,” consequently, in exciting a tube it is 
best to start with the ‘‘spark gap” very 
short, then gradually increase until the tube 
is properly excited. When the terminals of 
the secondary high frequency coil are separ- 
ated farther than five inches, a spark will 
pass from the secondary to the primary of 
the high frequency coil. By the use of a 
good insulating oil a much longer spark can 
be obtained from the high frequency coil, but 
for exciting Röntgen ray tubes a five-inch 
spark will be sufficient. 


INTERIOR WIRING. 


SWITCH CONTROL. 


Switch control has been considered by 
many to be a problem that solvesitself. This 
may be the case when the general excellence 
of the result is unimportant, but when other 
conditions prevail every hint is welcome. 

The position of the switch is an important 
point, but an electrician or engineer is not 
necessarily the best judge of this. An arch- 
itect is frequently even more competent, 
and the owner of the building to be wired, 
while not conversant with current practice, 
usually has sound ideas on such matters 
when various common methods are sub- 
mitted to him. 

As a general thing, in small rooms the 
place for the controlling switch, if there is 
one, is near the door on the knob side. The 
first thing desired when entering a dark room 
is light, and with the switch thus conven- 
iently at hand it can at once be had without 
advancing further. Similarly, on leaving the 
room the last thing is to extinguish the light, 
and it is never convenient to do this by a 
switch near some desk in the rear of the 
room, and then meander to the door in the 
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FIG. I.—DOUBLK CONTROL. 


dark. It would seem that this location for 
a switch is so obvious as not to need point- 
ing out, but judging from a number of per- 
sonal experiences searching for a switch in 
hotel rooms, this is not the case. In one 
large hotel in New York City, it is necessary 
to have the electrician show the location of 
switches to new guests, as they may be be- 
hind an inner door in a closet, behind the 
head board of a bed, etc.—the switches ap- 
parently having been placed with reference 
to easy wire runs rather than with any 
thought of convenience in use. 

There are, however, many special cases 
where this rule by no means applies. In 
lighting a cellar it is convenient to have the 
switch at the head of the stairs in the room 
above. The same is true of hallways. In 
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halls and theatres the switches are usually 
banked in a cabinet near the stage in a little 
room adjacent thereto. In all such cases 
when the operator cannot see the lights he 
is manipulating, the switch should show by 
its position whether it is on or off. Ina 
sleeping room, while it is convenient to have 
a switch near the door in the ordinary way, 
it is often required that a switch be placed 


lo mains 
FIG. 2.—LIMITED CONTROL. 


within easy reach of the bed, so that the 
room can be lighted without arising. 

Fig. 1 shows an arrangement of connec- 
tions whereby the lights can be controlled at 
will from either of two positions irrespective 
of the other switch. This is also an excellent 
device for halls and gangways, where it is de- 
sirable to light the hall on entering and to 
extinguish it at another point after passing 
through. = 

Two single-pole, double-throw switches are 
used. The connections are as shown in the 
sketch. By tracing the connections, it will 
be seen at once that the lamp is lighted and 
extinguished by throwing either switch, as 
they are in series with each other. If, how- 
ever, one switch be thrown so that the lamp is 
out, the latter may be relighted by throwing 
the other switch to the side that formerly 
extinguished the lamp. In short, the lamp 
may be controlled from either station en- 
tirely independently of the other. Two-point 
snap switches are now made for just such 
cases as these. 

Another arrangement that is occasionally 
useful is shown in Fig. 2, and intended to 
limit the control of a main switch. For 
example, suppose the case of a gymnasium 
or hall in an establishment such as a board- 
ing school. In such a case it may be desir- 
able to limit the number of lights that can 
be turned on in the room by the occupants. 
To do this a single large switch is placed in 
the room, and is conveniently at hand for 
those who desire to use it. From this switch, 
which should ordinarily be a double-pole 
switch to comply with insurance rules, cir- 
cuits branch, in each of which is a single- 
pole switch located in a cabinet under the 
control of the manager of the building. It 
will at once be seen that he has complete 
control of any or all of the circuits, as long 
as the main switch isthrown. Thus, if the 
case is that of a gymnasium, which is to be 
closed at a certain hour, he can at that time 
extinguish the lights in the gymnasium and 
leave those in the bath rooms and lockers 
burning. As the last man leaves the room, 
he throws the main switch, thus leaving the 
entire room dark. In due course, the switch 
controlling the bath and locker room lights 
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may be thrown, and thus render general ex- 
tinction certain in case the last man to leave 
has been negligent. In other cases also this 
device may be useful. 

In some cases it may be convenient to re- 
verse the arrangement; that is, to have the 
main switch under the control of the janitor, 
so that when he leaves the building for the 
night, he can so so in full confidence that 
all lights are out, without making a tour 
of the premises. In any building receiving 
light from a local lighting company, a large 
jack knife switch should be put in back of 
the meter, to be opened in case the building 
is locked up for the summer or similarly left 
to itself for a period of time. In such a case 
a plug switch, of which there are several 
types on the market, is convenient. With 
such a switch the plug can be removed and 
locked up, thus effectively preventing the 
closing of the switch by unauthorized 
persons. 

The theatre is, perhaps, the place where 
the greatest ingenuity in switch control can 
be utilized, as so many different effects are 
desirable—the more the better. In such a 
place it is necessary to control the brilliancy 
of the lights. In the flies, side and foot- 
lights their brilliancy must be completely 
under control, for any grade of illumination 
is likely to be needed. In the main house, 
however, it is not necessary to have such 
complete control of the brilliancy of the 
lamps, and if this control were done by the 
ordinary method of resistance in series, it 
would be extremely wasteful of power where 
so many lights are in circuit. This is an 
important factor where the consumer uses a 
meter. 

The main body of the theatre should be 
wired on the principle shown in Fig. 3. 
This will render resistance unnecessary. It 
will, it is true, give but two gradations of 
brilliancy, but it will avoid both the first 
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FIG. 3.—THEKATRE CONTROL. 


cost and subsequent waste of regulating re- 
sistances. It is sufficient for the cheap 
theatres and concert halls, and is not out of 
place in the main auditorium of more elabor- 
ate establishments. It will be seen that the 
device simply connects the lamps in series 
or multiple across the mains, by the throw 
of a double-throw, three-pole switch. 

If the contractor has facilities, he can 
make the special switch shown in Fig. 4, and 
thereby offer his customers a control having 
three steps, namely: All the lamps at full 
voltage—half the lamps at full voltage—all 
the lamps at half voltage. Such switches 
controlling the circuits in a theatre auditor- 
ium would give a gradation that should sat- 
isfy the most fastidious proprietor. It will 
be noted that there are really four steps to 
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the switch; that is, either half of the lamps 
are available. Remembering that when the 
performance has begun, the lights in the 
lobbies and ante-rooms are unimportant, it 
may easily be seen that these lights may be 
worked in as a part of one of the halves of 
the theatre circuits. By this simple means 
the halves, though equal in number, will be 
unequal in the auditorium of the theatre, 
and thus four instead of three grades of light 
are obtained therein. | 

If it is not desirable to have the lights 
in the lobbies vary up and down in this 
manner, the extra portion of the half giving 
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“FIG. 4.—TRIPLE-CONTROI, SWITCH. 


the least grade of illumination at full candle 
power, may be formed into an electric sign 
on the front of the building. The fluctua- 
tion of the lighting of this sign will serve to 
attract attention to it from the street, and 
means may be provided for lighting it inde- 
pendently. In any of the combinations, the 
theater manager is getting some good out 
of all his current, and none is wasted in heat- 
ing resistance. Moreover, such switches as 
those described can be made at much less 
cost than a controlling rheostat. 

It is to be understood that the switch 
shown in Fig. 4, is merely diagrammatic, 
and that it needs to be suitably designed 
mechanically. It may be added that the 


| a es 


[i 
— THR 


FIG. 5.—RELAY SWITCH. 


three studs on the switch arm are not elec- 
trically connected, but merely make contact 
with the plates beneath them, as the switch 
arm swings over. Such a switch could 
readily be designed on the principles of a 
street car controller. 

The brilliancy of sign lamps can be raised 
in the same way. In a large electric sign 
with two circuits thus controlled, the man- 
ipulation of the switches will at once attract 
attention. The circuits should be so ar- 
ranged that their lamps alternate with each 
other on the sign. 

There are several types of switches now 
on the market known as relay switches. 
The actual switches themselves are operated 
by magnets, the circuits of which are con- 
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trolled by buttons. Pressing one push 
button energizes a magnet and tightly 
closes a switch, and a little latch keeps it 
from flying open. A second button operates 
a magnet which trips this catch and opens 
the circuit. By a very simple device this 
switch is also made to act as a circuit break- 
er. . A coil of wire in series with the circuit 
to be protected is adapted to raise an arma- 
ture and close the trip magnet circuit when- 
ever the current becomes excessive. 

This circuit breaker once installed needs 
no attention. It resets itself and will not 
stay closed till the trouble is removed. 
Another feature of the switch lies in the fact 
that the duty of the trip magnet is very 
light, and it will, therefore respond with 
great accuracy to the current for which it is 
set. There is no reason why this switch 
should not find favor. Fig. 5 is a diagram- 
matic view of the connections of a single- 
pole switch of this type. The next section 
will discuss switch control as applied to elec- 


tric signs and decorative lighting. 
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FAULTS IN DYNAMOS. 


ARMATURE CONNECTIONS. 


In this section will be discussed mistakes in 
armature connections. These, of course, are 
made at the factory, or more frequently at the 


repair shop, where the armature may be un-— 


familiar. At the factory errors are so seldom 
made and the subsequent test is so searching, 
that it will hardly pay to test out an arma- 
ture before assembling except to make a 
ground test; but when a local repair shop has 
rewound or repaired the armature, it is safer 
to know of its condition before putting it at 
work in the machine. 

Mistakes are almost invariably at the com- 


mutator connections. Especially is this the 
case with drum armatures, for their winding 
is more confusing than that of the simple 
Gramme ring. 

One of the most common errors occurs 
with a winding arranged Jike that of Fig. 1. 
A single wire emerges from the winding and 
passes down, connecting to a segment of the 
commutator. Where the windings and con- 
nections are bunched under a canvas head, 
less care is paid to symmetry, and where 
there are a large number of segments and 
connections, it is very easy to cross a pair of 
them as at 4 (Fig. 1), the correct connec- 
tion being shown at B. 

Now in a correctly connected winding, a 
current passing through it will traverse one- 
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half of the wires in one direction and the 
other half in the other direction, as shown at 
B. Moreover, these halves must be bunched 
together; that is, all of the up conductors 
and all of the down conductors must be to- 
gether. If an up conductor, such as 10 (4 
Fig. 1), issituated between two down con- 
ductors, something in the connections is 
wrong. In a four-pole machine, the con- 
ductors should be divided into four bands 
and so on. 

Such a mistake will cause intermittent — 
sparking when the machine is in operation. 
That is, there will be sparks at the brushes, 
which will keep step with the revolutions of 
the armature. The bars at or near the im- 
properly connected bar, according to the 
type of winding, are usually eaten away by 
this sparking, and thus easily located. Un- 
fortunately, there are a number of other 
causes that produce intermittent sparking, 
and this effect cannot be taken as positive 
evidence of incorrect connection, although it 
may be grounds for strong suspicion. 

To definitely establish the fact that an 
armature is improperly connected, the fol- 
lowing method is convenient and sufficient. 
Prepare a frame of hard wood that can be 
tightly driven on to the shaft of the armature 
and only be moved thereon with considerable 
friction. In holes bored at suitable positions, 
mount the machine brush studs, and adjust 
the brushes to their normal position on the 
commutator. Support the armature on 
horses, so that it can readily be turned rela- 
tively to the frame. Pass a strong current 
through the armature, as strong as it will 
carry without overheating. Procure a flat, 
thin glass bottle and fill it with a mixture 


of glycerine and iron filings. A very small 
quantity of filings will suffice. If this bottle 
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be held close to the surface of the armature 
the filings will arrange themselves in accord- 
ance with the lines of force surrounding the 
armature at that position. For convenience 
we will use the notation of Prof. S. P. 
Thompson. 

In Figs. 2, 3 and 4, the small circles next 
the bottle represent wires perpendicular to 
the plane of the paper. Those with a dot in 
the center indicate that the current is flowing 
toward the observer, while those with a cross 
show that the current is flowing away. It 
is convenient to consider the dot as the ap- 
proaching point of an arrow, and the cross 
as the retreating tip. From what has been 
said there are obviously only so many places 
on the periphery of the armature, where there 
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are two adjacent wires carrying currents in 
opposite directions as there are poles on the 
machine. If more than that number should 
be discovered, it would be proof positive of 
improper connections. 

Now if the bottle of glycerine and iron 
filings be held against the armatnre at such a 


FIG. 4. 


FIG. 3. 
MAGNETIC DETECTOR. 


FIG. 2. 


point, the filings will arrange themselves as in 
Fig. 2. Atany other position on the armature 
they will arrange themselves as in Fig. 4. A 
moment's experimenting with the bottle of 
filings will at once discover these positions 
of opposite current in adjacent wires. It will 
be seen that these appearances, like that of 
Fig. 2, occur at equidistant positions. There 
are two of them if there are two poles, four 
if there are four poles, and so on, as pre- 
viously indicated. But if among the wires 
carrying the current up there should be one 
carrying the current down, due to an incor- 
rect connection, the filings when placed op- 
posite such a point will assume a position 
such as that of Fig. 3. Its unsymmetrical 
position with respect to the others, its differ- 
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FIG. 5.—FAULT IN RING ARMATURE 
CONNECTION. 


ent appearance as indicated by the filings, 
and its very existence, point conclusively to 
the error, and clearly indicate the cause. 

In the case of Fig. 1 it is well to note that 
unless the brush 1s on one of the affected seg- 
ments, the incorrect connection will pot be 
thus indicated and the armature will test out 
correctly. Therefore the armature tust be 
tested with the brushes on each segment in 
turn till there is no segment that has not been 
under a brush. If there are two brushes, the 
armature must be tested half as many times 


FIGS. 6 AND 7.—FAULTS IN 


as there are commutator segments. If four 
brushes one-fourth as many timesas there are 
segments, andsoon. The fact thatthe fault 
will not be indicated except when the brush 
is on the affected segment, is a most conven- 


windings. 
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ient circumstance, as it not only detects, but 


locates, the mistake. It is unfortunate that 
this condition does not obtain in all cases. 


In the case of a ring armature, the winding 


of which is shown in Fig. 5, such a miscon- 
nection would only have the effect of shift- 
ing the dividing line between the up and 
down conductors. It would not insert a down 
conductor among a lot of up ones, or vice 
versa. Therefore, in any position of such an 
armature arranged as described, there will 
never be any more points of adjacent reverse 
current wires than there should be, but when 
the brush rests on one of the incorrectly con- 
nected segments these positions will sot be 
equally spaced about the armature. 

In such a case the best way is to seek out 
the proper position of one of these places, 
and holding the bottle of glycerine there, 
slowly turn the armature. The instant the 
brush slips on to the affected segment, 
there will be a sudden movement of the 
filings and they will shift along in the 
bottle. 

In fact, this is a good way to test drum ar- 
matures also, for the wrongly connected con- 
ductor is always so close to the dividing line 
between the up and the down conductors, 
that it may be sought for there in almost all 
Holding the bottle as indicated, 
at the instant that the brush slips on to the 
incorrectly connected segment, the second 
tuft will appear. This is much more con- 
venient than trying the entire armature on 
so many segments, but unless the manipula- 
tor is familiar with the winding, it is never 
safe to pronounce the armature correctly 
connected unless this is done. In railway 
repair shops such methods as this will be 
found most convenient. Once the facilities 
are provided the rest is very easy. 

Armatures connected with long single 
wires leading from the windings to the seg- 
ments are rather less common than those in 
which two wires come to each segment. 
Such a winding is shown in Fig. 6 and it 
will be seen at a glance, that it is merely a 
modification of Fig. 1. 

Fig. 6 shows a common mistake. The 
commutator connectors of conductors 4 and 
2 are interchanged. 

In these simple figures the fault sticks out 
prominently, but in a complicated winding 
a fault of the same nature is not so obvious. 
Such an armature placed in a machine would 
burn out the heavily shaded coil at once, 
for at a glance it will be seen to be short cir- 
cuited on itself. But it will also be noted 
that 7¢ 7s not in electrical connection with any 
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other part of the armature. It is therefore, 
most easily detected. On any closed coil 
winding each segment should ring up with 
any other, with a magneto bell. Such a 
misconnected segment will not do so. 
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Another mistake that is sometimes made 
is shown in Fig. 7. Mere inspection will 
not disclose this trouble, for the armature 
usually /ooks all right unless the connections 
are minutely traced. Such an armature will 
refuse to excite, and a magneto bell will dis 
cover the fact that zone of the commutator 
segments are in electrical connection with 
each other. 

Such faults as these are best detected while 
winding. The winder should have his mag- 
neto at hand, and assure himself that he is 
right before he goes ahead. Particularly 
should he do so before he solders in his com- 
mutator terminals. It may be added that if 
such an armature as the last one is rotated 
in a separately excited field, it will instantly 
burn out on no load. Infact no current can 
be drawn from it. 

The next section will continue faults in 
the armature, and will consider some of the 
open coil machines. The foregoing remarks 
apply to closed coil types only. 
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Repair of Street Railway Apparatus. 


EMERGENCY REPAIRS. 


This class of repairs is not such a necessity 
as popularly supposed. On large city lines 
where there is plenty of rolling stock, and 
cars run very frequently, it is a waste of 
time to attenıpt them, for before they are 
conipleted a car is usually at hand to push 
the disabled car into the barns, where there 
is another car ready to take its place. 

However, this is not always the case. It 
may be that the car has broken down in the 
middle of a long interurban way, and must 
be in some way repaired to proceed at once, 
or it perhaps happens that a small road is 
suddenly loaded to its utmost capacity, and 
every car must be pressed into service. In 
such cases temporary repairs are a necessity, 
and therefore a few hints may be useful. 

First as to the tools and materials it is ad- 
visable to carry. The motorman cannot 
make bricks without straw, and he must 
therefore provide himself with a liberal quan- 
ity of straw, and a place to keep it. If the 
management of the road is such that he al- 
ways has the same car and is responsible for 
its condition (which is by far the better way), 
he can get a cheap pine box with a hinged 
cover and lock, if need be, and place it under 
the seat. If, however, he changes about 
from car to car, he can build a little cup- 
board in the base of the stool that he car- 
ries with him. In any case he will find it 
convenient to carry with him the following 
tools and materials: 

1. Several rolls of black adhesive tape. 2. 
Slips of mica. (These are most excellent 
and will insulate cracks and crevices where 
nothing else will do.). 3. One stick of Chat- 
terton's compound. 4. Ten or fifteen feet of 
No. 8 B. & S. copper wire, weatherproof. 5. 
Ten or fifteen feet of one-inch manilla rope. 
6. Two or three extra lamps, bunghole type. 
7. Plugand socket with fifteen feet of cord. 
8, Cutting pliers. 9. Hammer. 10. Screw- 
driver. 11. Wrench. 12. Small crowbar. 

This makes quite a heavy load, and it 
should really be furnished by the company, 
and the motorman held accountable. Every 
one of the articles mentioned will be found 
useful at one time or another, as the follow- 
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ing discussion of probable contingencies will 
demonstrate. 

The equipment may fail in two ways— 
electrically and mechanically. An inge- 
nious motorman can usually apply suitable 
temporary repairs to the mechanical difficul- 
ties that may occur, but the electrical faults 
are more troublesome. Especially is this so 
if the motorman is not thoroughly familiar 
with every wire and connection on the 
equipment. This is seldom, if ever, the case, 
for when a motorman becomes thus expert he 
can make more money at other vocations. 
We must, therefore, assume that the method 
of connection is unknown and go by general 
symptoms which apply to any system. 

Taking the mechanical troubles first, 
among the most frequent are the failure of 
the trolley, and also of the motor support. 
Both of these parts are extremely liable to 
become broken, but neither of these acci- 
dents should stall the car. 

In the case of the failure of the motor sup- 
port, the manilla rope and the crowbar 
come into play. Block the car wheels as in 
Fig. 1, and fasten the rope to the stud on 
the motor which rests on the support. Let 
the conductor stand inside the car over the 
trap door and pullon the rope, while the 
motorman gives the car a little current, run- 
ning the car inthe direction shown by the 
arrows. He, of course, uses the reverse lever 
if necessary to accomplish this. The con- 
ductor will be surprised at the ease with 
which he can lift the heavy motor from the 
ground, and make it fast to the crowbar, 
which for convenience should be placed 
across the trap door. The motorman may 
then proceed to the barn to secure more 


FIG. I.—-FAILURE OF MOTOR SUPPORT. 


permanent repairs. It is well, however, to 
cut the disabled motor out, if it bea front 
one, and allow it to operate if it be a rear 
one. This, it will be found, is much easier 
on the temporary support. 

The failure of the trolley pole often re- 
sults from its being caught in the overhead 
construction and wrenched bodily off the 
car, or it may be that at an inopportune 
moment, it jumps the wire. and severely 
collides with the beams of a bridge or some 
similar construction under which the car is 
passing. It is sufficient to say that in some 
such way the accident often occurs. In such 
a case the car can always be brought home 
by means of a wire connected to the supply 
wire at the base of the trolley and held 
against the trolley wire by hand. Often 
enough of the trolley pole remains, that it 
may be utilized, but if such is not the case, 
a pole may be prepared of a piece of scant- 
ling or similar stick as shown in Fig. 2. It 
is hardly necessary to say that the hand 
hold, on this improvised trolley, should be 
well insulated from the wire that it carries. 

So long as the man on the roof is careful, 
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there is no danger. True, as his hand 
shakes, and the contact becomes imperfect 
there will be flashing arcs at the trolley, but 
that need cause noapprehension. Although 
the car thus equipped may appear some- 
what sensational as it passes through the 
streets, it will arrive at its destination, 
which after all is the object to be attained. 

The failure of the brake rigging isa most 
serious accident. If it be in the chain or any 


FIG. 2.--EMERGENCY TROLLEY. 


of the tension rods, the rope may replace the 
injured members until the car barn is 
reached. Of course, in such a case the motor- 
man must stand ready to use his reverse 
lever, and must greatly increase the length 
in which he makes a stop. It is dangerous 
to attempt a severe grade with such a make- 
shift, but it is more dangerous to attempt 
to run home without some such provision. 
If the rear brake is intact, it would be better 
to use that, the conductor operating it ac- 
cording to prearranged signals given by the 
motorman’s gong. In case the brake rigging 
should fail on a steep grade, of course the 
reverse lever should be used. If the fuse 
blows or the trolley comes off, throw the 
controller handle to the last notch. The 
chances are that the car will stop very 
abruptly as one of the motors builds up as a 
dynamo and overpowers its mate, turning it 
as a motor in the opposite direction. This 
is terribly hard on the motors and should not 
be used unless in a positive emergency. 

Controller troubles are quite frequent. 
Among them failure to make contact is the 
most troublesome, especially on the older 
types. The arcing wears away both fingers 
and contacts, until the condition obtains that 
contact is sometimes made and sometimes 
not, and always with more or less arcing. 
Presently the car refuses to start. An exam- 
ination of the controller will usually disclose 
the contact that is faulty, and the tension of 
the finger may be increased. If no means 
are provided for this, or if the limit of ten- 
sion has been reached, the controlling fingers 
may be interchanged among each other. A 
poor finger is sure to be opposite a poor con- 
tact plate, and such interchanging will dis- 
tribute the evil and prevent its being so pro- 
nounced at any one place, as to interfere 
with the operation of the car. On reaching 
the car barn suitable repairs can be made.’ 

Another trouble that occasionally is en- 
countered is the arcing from ring to ring of 
the controller. This affects the running of 
the car in various ways, according to what 
contacts are thus momentarily connected. 
It occurs most frequently on turning off the 
current, and is due chiefly to the discharge 
of the inductive field magnets. 

Vulecabeston and fibre ‘‘fences”’ are usu- 
ally provided to prevent this, but sometimes 
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holes are burned in these, and they cease to 
be effective. A few slips of mica cemented 
over these holes with Chatterton’s compound 
will effectively close them till more perma- 
nent repairs can be made. 

Should a portion of the equipment be 
damaged by lightning, it does not follow 
that the ground lies in the winding. In 
fact, it is more probable that it is in the wire 
just entering the motor from the outside 
circuit. If such injury is suspected, open 
the trap doors, and give the controller a 
notch. The grounded place will indicate 
its location by an arcand smoke. If it is on 
one of the leading-in wires, a little tape will 
permanently repair it, and what is usually 
an insurmountable difficulty to the average 
motorman is easily eliminated. Modern 
motors are so well insulated that the grounds 
occurring are fully as likely to be in the 
leading-in wires as in the windings. The 
motorman should not let these places escape 
him, just because they are the simple ones. 

Grounds from lightning are frequently 
found at the bushings of the rocker studs, 
for the discharge frequently prefers to punc- 
ture here, rather than enter the inductive 
armature. Such places may easily be re- 
paired with slips of mica. 

It sometimes happens that the armature 
winding breaks. Itusually begins by short 
circuiting a bobbin, which promptly gets so 
hot that it scorches the insulation and melts 
the solder connection at the commutator. 
Centrifugal force throws the joint open, and 
the commutator begins to flash. On examina- 
tion, it will be found that one bar is severely 
burned and between this bar and the next 
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FIG. 3.—CUTTING OUT ARMATURE COIL. 


one that comes under the brush as the arma- 
ture rotates is the faulty coil. This may be 
avoided for the time by bridging. Little 
wedges made of copper wire hammered flat, 
may be driven down between these bars as 
in Fig. 3. This makes the necessary connec- 
tion, and the armature will operate without 
flashing until the coil can be repaired. This 
is never very good for the commutator, and 
should not be tried if the other motor is 
sufficient to get home on, or the next car is 


not far away. 
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The Power of Horses.—An English engineer 
has reported the results of some dynamo- 
metric experiments on the pull of horses. 
In one case a powerful draught horse exerted 
5-44 HP over 138 ft., and it is concluded that 
an ordinary street car horse may exert 3% 
HP at the moment of starting a car. A French 
experiment is quoted where the horses were 
called upon during one or two minutes to 
make an effort equivalent to 5.2 Hp, but which 
exertion, it was found, is liable to result in 
seriously straining a horse. 
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THE STEAM ENGINE INDICATOR CARD. 


In the present article the subject of 
‘ideal ” indicator construction will be dis- 
cussed. Sometimes the ‘‘ideal’’ card is 
called the ‘‘theoretical’’ card, but this is 
an abuse of the latter word, since the ideal 
card is based upon assumptions that are not 
in conformity with the theory of the work- 
ing of steam, although such assumptions 
may prove usefulin giving a basis for the 
exercise of the judgment. 

In constructing the ideal card, it is always 
necessary to have a line of perfect vacuum, 
whether the exhaust of the engine is above 
or below the atmospheric pressure. This 
follows from the fact that the atmospheric 
line is purely arbitrary as far as expansion 
is concerned. Steam would expand in a 
cylinder exactly the same whether the out- 
side pressure were that of our planet, or that 
of any other heavenly body, or if the cylin- 
der were off in space. 

It is customary in constructing cards to 
assume that steam expands as a perfect gas; 
that is, when the volume of the gas is 
doubled the pressure is halved, or—what is 
the same thing—when the steam is given 
two expansions, the final pressure becomes 
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FIG. I.—IDEAL INDICATOR CARD. 


half the initial pressure. This is not exactly 
true, but as many other errors are involved 
in ideal cards, the assumption is sufficiently 
close, particularly as very much greater 
labor would be required in laying down ex- 
pansion lines that conform more nearly to 
correct theory. 

In Fig. 1 suppose 4 C is the admission 
line of an ideal card, Æ F the atmospheric 
line and C D the line of absolute vacuum. 
Furthermore, suppose that steam is cut off 
at three-tenths stroke, or at G; then the final 
pressure, 3 D, will be only three-tenths the 
initial pressure or 4 C. The curve joining 
the two points, G and 3, is called the ex- 
pansion line and is a hyperbolic curve. 

The manner in which the expansion curve 
may be drawn is shown in Fig. 2. Here 
B C is the admission line; O P the atmos- 
pheric line and Z A the vacuum line; as 
the clearance in the cylinder forms, of 
course, part of the admission volume, it must 
be considered in drawing the expansion line, 
since that line represents the variation of 
volume. Therefore, it is necessary to add 
to the vacuum line, Z A, an amount, Z M, 
which is determined by multiplying the 
length of Z R (or stroke) by the percentage 
of clearance. For example, if Z Ris four 
inches and the clearance is six per cent., the 
length of Z M will be .24 in., or about ¥ in. 

The steam is supposed to be cut off at the 
point C, and we wish to determine the shape 
of the expansion line to the end of the 
stroke. In order to do this, draw from the 
point M, a number of radial lines such as 
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Ar, M2, etc.; the points 1, 2, 3, etc., may 
be selected at will, but it is well to have 
them closer together near the beginning of 
expansion than at the end. Next, from 
where each radial line, as A G D, cuts the 
vertical line dropped from C, draw a hori- 
zontal line, as G Æ; and from where the radial 
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upright perpencicular line it 
through the ideal point of cut-off. 
To apply the above, we will take the case 
of the indicator card shown in Fig. 3, to 
whose length M Z has been added, cor- 
responding to a clearance of six per cent. 
Draw from M, a radial line of such as M Ħ, 


will pass 


FIG. 2.—CONSTRUCTION OF EXPANSION LINE. 


line cuts an extension of the admission line, 
B C, draw a vertical line, D H. The inter- 
section of these two lines will give a point 
of the curve, as H. * 

From Fig. 2 we find a very simple way of 
determining the ideal point of cut off of an 
indicator card. It will be seen that if we 
draw any radial line such as M D, and 
let fall from where it cuts B Æ the admission 
line, a perpendicular line, D H; then if 


from where the perpendicular cuts the ex- - 


pansion curve we draw a horizontal line, Æ 
G, the point where this latter line cuts the 
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and let fall from where this radial line in- 
tersects the extension of the admission line, 
a perpendicular line, Æ C; from where Æ C 
cuts the expansion line, draw a parallel line 
until it intersects the radial line, AH, as 
at G; then drawing perpendicularly GC, 
the ideal point of cut-off is at C. 

This construction means that, having 
chosen a given pressure, C, on the expansion 
line, then if the expansion of steam follows 
the law of perfect gases, the cut-off corre- 
sponding to the particular point, Æ, of the 
expansion line, is at C. 
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FIG. 3.—CARD OF FAST-RUNNING ENGINE. 


radial line is perpendicularly below the point 
of cut-off or C; so that by drawing from G an 


* The proof of thisconstruction is as follows: From 
the two triangles, M A Band M C E, we have A £: 


CE=MB:ME, or”. MPB. But M Eis pro- 
CE-=ME 


portional to the original volume of steam or V, and 


M B is proportional to the expanded volume at the 
point Z, or V,; on the other hand, A B is equal tothe 
initial pressure or Pand C È tothe expanded press- 
ure L B, or P,. We have therefore fat or the 


1 
curve is an equilateral hyperbola and represents an 


expansion according to Marriotte’s law; that is, 
where the pressure varies inversely as the volume. 


In Fig. 3, four different points on the ex- 
pansion curve have been thus chosen, a, b, 
cand d; and the corresponding points of 
cut-off found to be 4, B, C, D. It will thus 
be seen that the steam in this case does not 
by any means.follow the law which has been 
assumed. Let us assume that D is the cor- 
rect point of cut-off and then by the construc- 
tion above described draw the ideal expansion 
line, D F. It will be seen that the actual 
pressure drops much more rapidly than ac- 
cording to the law assumed, the final press- 
ure being A N above a vacuum instead of 
R F. At first sight it might appear that 
the cause of this was a leaky valve. It is 
more probable, however, that the drop in 
pressure is due to condensation of steam after 
the valve has closed; that is, the cold walls 
of the cylinder continue to condense steam, 


136 


the walls at no time in the stroke having a 
temperature sufficiently high to re-evaporate 
any of this condensed water. By applying 
this method to indicator cards and determin- 
ing several points of cut-off, as in Fig. 3, the 
reader will obtain an instructive lesson on 
the condensation of steam, even if it will not 
enable him to judge if his engine has or has 
not a leaky valve. 

Fig. 4 represents a card from a Corliss 
low-speed engine, in which the point of 
cut-off, D, is determined as in the preceding 
case, and the expansion curve also drawn in 
the same manner, the clearance in this in- 
stance, however, being four percent. In 
this case it will be seen that the ideal ex- 
pansion curve corresponds much more 
nearly to the actual curve. 

Indicator experts pretend to derive much 
information from the constructions just ex- 
plained, and while they are useful, as stated 
before, in forming a basis for judgment, 
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THE ABSOLUTE ZERO. 


That the zeros of the several thermometer 
scales in use are merely arbitrary points is 
well known. On the Centigrade and Reau- 
mur thermometer scales, for example, the 
zero corresponds to the freezing point of 
water, while on the Fahrenheit scale it cor- 
responds to the temperature which was sup- 
posed to be the lowest reached in the winter 
at the locality in Europe where the scale 
was originated. As references to the true or 
absolute zero are frequently encountered in 
steam literature, and particularly in connec- 
tion with the efficiency of the steam engine, 
an explanation of its derivation and mean- 
ing may not be without interest. 

In Fig. 1, the scales of the several ther- 
mometers in greater or less use are shown 
together, their arbitrary character being thus 
rendered plainly evident. It will be seen 
that on tle Fahrenheit scale the range of 
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FIG. 4.—CARD OF SLOW-SPEED CORLISS ENGINE. 


their direct indications are far from being 
precise, for the following reasons: 

During exhaust the walls of the cylinder 
of an engine are cooled down to a tempera- 
ture approaching that of the temperature of 
exhaust, and consequently at the beginning 
of the return stroke part of the steam ad- 
mitted is condensed by the cool cylinder 
walls. This condensation may extend be- 
yond the point of cut-off and, in some fast- 
running engines, undoubtedly occurs during 
the entire stroke; in addition, there is con- 
densation resulting from expansion. In 
some cases, as in Corliss engines, and in 
some jacketed cylinders, as expansion pro- 
ceeds the steam falls to a pressure corre- 
sponding to a temperature less than that of 
the walls of the cylinders, there being, con- 
sequently, re-evaporation. All of these fac- 
tors influence the shape of the expansion 
line of cards, and as in fast running engines 
the amount of water remaining in the cylin- 
ders at the end of the stroke may correspond 
to from twenty to fifty per cent. of the 
entering steam, it is evident how great the 
distortions of this line may become. 

The above constructions are, however, 
very simple, and are useful, at least, for 
comparative purposes, while they will have 
an indirect practical value to the engineer 
from bringing his mind into direct contact 
with matters that otherwise he would look 
upon as merely questions of abstract theory 
having no practical bearing, 


temperature between the boiling and freezing 
points of water is divided into 180 degs., 
while the Centigrade and Reaumur scales 
have the same range divided into 100 degs. 
and 8o degs. respectively. It will also be 
seen that the zero of the Fahrenheit scale 
corresponds to —12.4 degs. of the Reaumur, 
and to —15.5 deys. of the Centigrade scale. 

That temperature can go on decreasing 1n- 
definitely does not seem reasonable, and in 
point of fact, there is excellent cause for be- 
lieving that an absolute zero of temperature 
exists; that is to say, a point below which 
temperature in the universe cannot fall. 
Calculations based upon such an assumption 
give results agreeing at all points with the 
results of practice, and consequently the ex, 
istence of such an absolute zero of temper- 
ature has been definitely accepted. One of 
the methods by means of which the position 
of this zero point may be experimentally 
determined will be illustrated. 

Suppose we have in a metal cylinder a 
quantity of air at the temperature of the boil- 
ing point, or 212 degs. F., and at a pressure 
of roo lbs. per square inch above a vacuum, 
or 85 lbs. above the atmosphere. If, now, 
the cylinder be surrounded by a cooling mix- 
ture, it will be found that when the pressure 
of the air falls to go lbs. its temperature will 
be 145 degs; at 78 degs. the pressure will have 
fallen to So lbs., at 10 degs. to 70 lbs., at the 
zero of the Fahrenheit scale to 68 lbs., and 
to 60 lbs. at —57 degs. 
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Referring to Fig. 2, let us lay down the 
temperatures thus obtained to scale on a hori- 
zontal line, Af C,and represent the correspond- 
ing pressures tg scale by vertical lines, as .4 M 
and B C. It will now be found thata straight 
line can be drawn through the ends of the 
vertical lines, and if we continue this line, 
.1 B, until it cuts the continuation of the 
horizontal line, A C, then by drawing fur- 
ther vertical lines, as D Æ, we can obtain 
the values of pressures corresponding to tem- 
peratures bevond the limit of observation— 
upon the assumption, of course, that at lower 
temperatures air will follow the same law as 
at higher ones. It will be seen from the 
diagram that the pressures continually and 
proportionately decrease with the temper- 
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atures, and, finally, at the point O, pressure 
ceases to exist. This is the point of abso- 
lute zero, and if the line, M C, has been 
drawn to scale, the continuation, C O, will 
also be to scale, thus enabling the distance 
of the point below the arbitrary thermometer 
zero to be determined by simple measure- 
ment. On the Fahrenheit scale this will be 


FIG. 


A 


`- 
o pe d 
io o Oxe 
wmo Ro es Taz 
' eas ees A S 
so a? Te? raso — npe cone! ~ 400? 
Am.Elec 
FIG. 2.—DETERMINATION OF ABSOLUTE 


ZERO. 


found to be— 460 degs., and on the Centi- 
grade scale —273 degs. Temperatures con- 
siderably below —300 degs. F have been 
obtained in the liquefaction of gases. 

—— 40o 


Acetylene Gas as a Poison. 


An objection urged against acetylene gas on 
account of its poisonous nature has been met 
by an advocate of that gas with the assertion 
that ordinary illuminating gas is seven times 
more poisonous. The implication that there- 
fore acetylene gas is not dangerous is no more 
justified than would be a similar inference 
with respect to arsenic from the statement 
that prussic acid as a poison is many times 
more acute than arsenic, 
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A BIOGRAPHICAL HISTORY OF ELEC- 
_ TRICITY. 


Dufay was the first to draw a spark from 
the human body, and Priestley informs us 
that this experiment formed a “ principal 
part of the diversion of ladies and gentle- 
men who came to see experiments in elec- 
tricity’’—the new science during the middle 
of the eighteenth century having been ac- 
corded a social standing. The brilliant 
French savant also established the principles 
of electrostatic induction, the phenomena of 
‘which had been faintly recognized by 
Guericke and Gray. His greatest achieve- 
ment, however, was, in his own words, the 
discovery of ‘‘two distinct kinds of elec- 
tricity, very different from one another; 
one of which I call vitreous electricity 
and the other resinous electricity.” This 
was the beginning of the theories of fluid 
electricity which, though receiving a 
death-blow at the hands of Faraday, 
lingered until within recent years, and 
are yet useful for illustrative purposes. 

The work of Gray and Dufay ended about 
1737 and the next epoch commences with 
the discovery of the Leyden jar in 1745 and 
extends to the time of Volta, who stands as 
sponsor for modern electricity. Von Kleift, 
dean of a cathedral at Camin, Pomerania, 
discovered that when a liquid was placed 
in an apothecary’s vial and the glass then 
electrified, a powerful shock was experi- 
_ enced if the vial was held in one hand and 
the liquid touched with a finger of the 
other. In January, 1746, Musschenbrook, 
a professor at the University of Ley- 
den, Holland, independently made 
the same discovery, and presently 
experimenters in the various scien- 
tific circles of Europe were perforni- 
ing all manner of startling experi- 
ments with this first considerable 
source of electrical energy that had 
come into possession of man. It was 
by reading a theory offered by Watson 
to explain the action of the Leyden 
jar that Benjamin Franklin was at- 
tracted to the study of electricity. 

While the work of Gilbert ,Guericke, 
Hauksbee, Gray and Dufay has more 
or less intrinsic value from the scien- 
tific point of view, and though it form- 
ed the foundation upon which others 
built and, above all, furnisbed inspira- 
tion that led to wonderful advances, 
it was left for an American—perhaps 
the greatest our country has produced 
—to make the first real practical ap- 
plication of electrical knowledge. 
With Benjamin Franklin was first 
brought into electrical investigation 
the modern practical spirit which is not 
satisfied with mere brilliant experi- 
ment and lofty speculation, but has for 
its final aim the adaptation of nature's 
phenomena to the service of man. 

The impression which the work of Frank- 
lin produced in Europe was remarkable. 
Referring to the several letters published 
between 1747 and 1754, which cover the 
period of his great electrical investigations, 
Priestley, in his celebrated ‘‘History of 
Electricity,’’ published in 1759, says : 

‘* Nothing was ever written upon the sub- 
ject of electricity which was more generally 
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read and admired in all parts of Europe than 
these letters. There is hardly any European 
language into which they have not been trans- 
lated; and, as if this were not sufficient to 
make theni properly known, a translation of 
them has lately been made into Latin. * * 
Though the English have not been backward 
in acknowledging the great merit of this 
philosopher, * * to form a just idea 


FRANKLIN'S LEYDEN JAR BATTERY. 


of the great and deserved reputation of Dr. 
Franklin, we must read the foreign publica- 
tions on the subject of electricity; in many 
of which the terms Franklinism, Franklin- 
ist and Franklinian system occur on almost 
every page.” 

When we consider this was written by a 
great European scientific authority concern- 
ing a man previously unheard of in science, 
and living in a new world less known to 
Europe than Argentine is to us at the present 
day, its full import can be appreciated. 


BENJAMIN FRANKLIN. 


Franklin’s first experiments were with the 
Leyden jar, to charge which he constructed 
a glass static machine of his own design. He 
discovered, by a beautifully scientific series 
of experiments, that the power of giving a 
shock lies in the glass itself and not in the 
metal coatings. As a deduction from his 
theory of electricity, he concluded that jars 
might be coupled together and thus produce 
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an effect in proportion to the number used, 
and upon this principle he constructed bat- 
teries of such power that he was led to write: 
‘There are no bounds to the force man may 
raise and use in the electrical way; for bottle 
may be added to bottle and the greatest 
known effects of common lightning may, I 
think, without much difficulty be exceeded 
in this way.” The accompanying illustra- 
tion shows a Leyden battery made by 
Franklin, and which is still in use at Dart- 
mouth College. A static machine also made 
by Franklin, isin possession of the Franklin 
Institute, Philadelphia. 

Franklin held that that there is but one 
electric fluid, which ordinarily exists in a 
body in a state of equilibrium; if some of the 

fluid is drawn off, the body exhibits nega- 

tive properties, or positive properties if 
added to. This first complete theory 

of electricity held sway for more than a 

century, though in inner circles known 

to be untenable since the day of Faraday. 
Franklin, however, is best known 
through his identification of lightning 
with electricity. Though there had been many 
speculations on this subject, notably one by 
the versatile Abbé Nollet, none was so defi- 
nite as that put forth by Franklin in 1748, and 
finally, in 1749, he proposed in detail an ex- 
periment to determine the question whether 
clouds that contain lightning are electrified 
or not, and at the same time laid down the 
principles of the lightning rod which were 
held up to within a very recent period. 

Franklin was, unfortunately, delayed in 
making the famous experiment he describ 
ed, which was first done by Dalibard, 
May 10, 1752, in France, after the 
indications contained in Franklin's 
Collinson letter of July, 1750. 
During the latter part of the month 
of June of the same year, before 
the news of the French experiment 
had, according to Priestley, reached 
America, Franklin performed his 
celebrated experiment of drawing 
electricity from the clouds by 
means of a kite. A similar experi- 
ment with a kite was successfully 
tried in France by De Romas early 
in July and, it is claimed, before 
the news of Franklin’s experiment 
had reached Europe. 

According to Franklin’s celebrated 
theory of the lightning rod, a pointed 
rod gradually draws off the electricity 
in the atmosphere, thus dissipating a 
charge before it becomes formidable. 
Some distinguished European savants 
disputed the superiority of pointed 
lightning rods, which gave rise to the 
famous ‘‘ points zs. knobs” contro- 
versy. Franklin defended his views 
with the remarkable skill which he 
invariably displayed, whatever the 
occasion, and emerged from the con- 
troversy an acknowledged victor. Asa 
lightning discharge is now considered to be 
due to the breaking down of the air between 
the object struck and a charged cloud through 
the existence of an enormous dielectric 
stress, this theory is no longer tenable. 

In Portsmouth, N. H., a lightning rod 
put up under the direction of Franklin is 
still in use, consisting of an iron rod about 
a half inch in diameter, 
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The principles illustrated in the example 
of dynamic generation of E. M. F. in the 
axle of a railroad train cutting the earth’s 
lines of force, applies to all forms of dynamo 
electric machines. In so-called unipolar 
dynamos, which will be considered later, the 
E. M. F. is generated by a continuous cut- 
ting of lines in the same direction, as in the 
case of the axle of a train. For reasons, 
however,that will be apparent later, this form 
of machine is not adapted for the generation 
of high E. M. Fs., and besides possesses 
mechanical disadvantages. 

In the usual dynamo electric machine the 
flux of lines of force is highly concentrated, 
being some thousand times more dense than 
that of the earth’s field, and is utilized in the 
air gap between the pole pieces and the core 
of the armature. Referring to Fig. 1, the 
lines of force coming from the pole marked 
N cross the air 
gap, enter the 
core, through 
which they pass 
to the other air 
gap, and crossing, 
enter the south 
pole—the mag- 
netic circuit be- 
ing completed by 
the field cores and 
yoke of the dynamo frame. It will thus 
be seen that the working portion of the mag- 
netic circuit is in the air gap, the armature 
wire cutting through the lines concentrated 
there in the same manner as the train axle 
cuts through the earth’s lines of force. The 
illustration shows but a single wire, the ma- 
chine thus being a dynamo reduced to its 
simplest form. 

Referring to Fig. 1 and also to Fig. 3, ıt 
will be noted that when the wire (which we 
will suppose revolves about the armature 
core, the latter being stationary) is passing 
from A to B, a minimum number of lines 
of force are cut, whereas in passing from / 
to / amaximum number of lines are cut. It is 
also apparent that when the wire passes /, 
the E. M. F. generated will begin to de- 
crease until at the point VV the same condi- 
tion exists as at 4, and the E. M. F. again 
becomes zero. In passing from to Af the 
lines of force will be cut in the reverse direc- 
tion, so that the E. M. F. generated on this 
side of the core will be negative, if the E. M. 
F. is counted positive on the other side. It 
will thus be seen that a single wire of a 
dynamo, with the lines of force disposed so 
as to be best cut by a revolving wire, will 
generate alternating E. M. Fs.—that is, E. 
M. Fs. which increase from zero to a maxi- 
mum, then drop from a maximum to zero, 
then continue to decrease to a negative maxi- 
mum and finally rise again to a zero value at 
the original starting point. 

In Fig. 3 a quadrant of the circumference 
of the armature core is divided into ten 
equal parts, and one hundred lines of force 
are represented as passing through the air 
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gap in this quadrant—which gives a total of 
200 in each air gap. Suppose now that the 
wire passes through each of these equal 
divisions in one second; that is, from 4 to B 
in one second, requiring ten seconds to pass 
from 4 to J. Then in the first second but 
1.2 lines of force will be cut by the wire; in 


the second second (from B to C) 3.6 lines, 
while in the tenth second (from /to J) 15.6 
lines will be cut.* 

As the E. M. F. generated is measured by 
the number of lines cut per second, then the 
E. M. F. generated during the first second 
will be 1.2 absolute units; in the second sec- 
ond 3.6 absolute units, and in the tenth sec- 
ond 15.6 absolute units. The accompanying 


table shows the E. M. F. for each second. 


TABLE I.—E. M. F. IN ABSOLUTE UNITA. 


12.0 14.5 | 15.2 


1.2 | 3-7 | 6.0 | 8.2] 10.2 13.4 


Fig. 2 shows a curve which has been laid 
down by using the above E. M. Fs. as ordi- 
nates. As the field in the second quadrant 
will be the same as in the first, the second 
quarter of the curve is merely a duplicate of 
the first, but a falling instead of rising curve 
since the field is decreasing. The lower half 
of the curve will, of course, be a duplicate of 
the upper half, as the same manner of cut- 
ting will occur from M through N to A, but, 
as stated above, ina reverse direction, thus 
making the E. M. F negative. The curve 
shown in Fig. 3 is known as a sine curve. 

We will now take the case of a machine 
in which the density of the lines of force and 
the rate of cutting much more nearly ap- 
proach those of practice. We will assume 
that the armature is ten inches in diameter 
and twelve inches long, which will give a 
total area of 120 sq. ins. through which the 
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flux passes. We will also assume that the 
wire in Figs. 1 and 3 makes 1800r. p. m. or 
thirty per second Finally, we will assume 
that the density of the lines of force is 80,000 
per sq. in., thus making a total flux of 120X 
80,000 = 9,600,000 lines instead of 200 as in 
Fig. 3, or 48,000 times greater. 

In the case of Fig. 3 it will require forty 
seconds for the wire to make one revolu- 
tion, and asin the present instance thirty 
revolutions per second are made, the wire 
moves 30 X 40= 1200 times more rapidly; 
therefore, the rate at which the lines are cut 
is 1200 times greater, and consequently the 
E. M. F. with the field of Fig. 3 will be 1200 
greater. 

But the lines of force are also more dense, 
so that through this the E. M. F. is still 
further increased or, as just shown, will be 
48,000 times greater. The total increase is 
thus 48,000 X 1200 or 57,600,000 times. If, 
therefore we multiply the numbers of Table 


* These values have been determined by trigonom- 
etry, asthe geometrical method shown is not suf- 
ficiently accurate to obtain exact values, 
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I, by this quantity, we will have the values of 
the E. M. F. generated in the second case, but 
also expressed in absolute units. As the 
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practical unit of E. M. F. or volt is 100,- 

000,000 times greater than the absolute 
or C. G. S. unit, we must divide by that 
number in order to reduce to volts; perform- 
ing both the above operations, we have, 
finally, the following table of E. M. Fs., in 
volts, generated in the second case: 


TABLE II.—E. M. F.1nN VOLTS. 


The curve of Fig. 2 also represents the 
above E. M. Fs., but to another scale. 

It can be readily seen that if the wire of 
Fig. 1 were made in the form of a loop, so 
that while one side were going down from A 
to J, the other would be going up on the op- 
posite side from N to M and also having an 
E. M. F. generated in it; moreover, since 
the two E. M. Fs. would be opposite in direc- 
tion looking at one end of the core, they 
will be in the same direction in the loop 
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and therefore would be added together, and 
by having a number of turns the E. M. F. 
would be still further multiplied. The ma- 
chine described is, therefore, an elementary 
alternator, though not of a commercial form. 
In another article the manner in which con- 
tinuous currents are derived from such an 
alternator by adding a commutator will be de- 
scribed, as well as the form of commercial 
alternators, 
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A Safe Soft Solder Flux. 


As a manufacturer of a ‘‘ Safe Soft Solder 
Flux,’’ I have some diffidence in replying to 
the letter on that subject in the July issue of 
the AMERICAN ELECTRICIAN, yet I feel 
that the implication in regard to the non- 
existence of a flux corresponding to the re- 
quirements there enumerated should not be 
permitted to remain unchallenged. I am, 
unfortunately, prevented by trade consid- 
erations from giving the composition of the 
soldering paste or flux to which I refer, and 
can therefore merely state that there is on 
the market at the present time at least one 
flux which answers the requirements pointed 
out in the letter in your July number. 

J. F. KESTER. 


All that can be asked of an ideal soldering 
flux is that it shall be non-corrosive, conven- 
ient and effective. Ordinary soldering salts 
and fluids are effective, but they are corros- 
ive, ruining both work and tools. They are 
not convenient, since a man using a solder- 
ing fluid always expects to spill it before he 
leaves a job, and wherever it is spilled its 
mark is left. 

An ideal soldering flux should be inert at or- 
dinary temperatures. When heated it should 
unite chemically with the oxides of the 
metals to be soldered, and then flow to the 
lowest point, carrying the oxides with it. It 
should leave a thin coating upon the joint 
imipervious to atmospheric influences, there- 
by preventing future oxidization and cor- 
rosion. It should be solid at ordinary tem- 
peratures. 

Such a soldering flux is now on the market 
and can be obtained of all electrical supply 
houses. L. B. ALLEN. 


A Peculiar Accident. 


At 12.30 P. M., July 19, a common ‘“‘Yaller” 
dog stepped on the main driving belt in the 
Elk Street station of the Buffalo General 
Electric Company, and was promptly carried 
under a twenty-foot flywheel driving a 
seventy-two-inch belt driven by an Allis tan- 
dem Corliss engine (48 ins. stroke X 26 ins. 
and 52 ins. diameter). At the back of the 
wheel there is but three inches clearance be- 
tween the pulley and an iron floor which 
rests on a five-inch I-beam built in the stone 
and cement foundation on either side. This 
was torn out of the foundation and the belt 
torn in two places, besides having a number 
of holes made in it which had to be patched. 
The belt in swinging up caught a three-inch 
T-beam, which was but eight inches from an 
arc circuit, and tore down the beam, leaving 
the wires intact; the beam in falling narrow- 
ly missed braining one of the assistant en- 
gineers. Strange to say, the dog was but 
little mutilated, although instantly killed. 

When the belt broke this threw the whole 
load, consisting of some 2700 arc lamps, on 
a cross compound Allis-Corliss engine, 30 
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ins. and 56 ins. X 6o ins. stroke, and witha 
twenty-eight-foot wheel; this engine carried 
the load the remainder of the night, there 
being no interruption of the service. This 
accident also broke the lightning apparatus 
and sprung the shaft out of line. 


HARRY HOERLE. 


Roentgen Ray Experiments. 


I am operating a three-inch induction coil 
made like the one described in the May 
number of the AMERICAN ELECTRICIAN, 
the coil giving a vigorous, continuous 33{-in. 
spark if carefully made and suitably ener- 
gized. I finda coil of this size amply large 
for ROntgen ray experimental work. Excel- 
lent radiographs may be obtained of the 
lower limbs, arms, neck, etc., by using an 
ordinary dry plate and holder, or by prop- 
ping a plate ayainst the top of a box, and 
laying an object on the top of a box over the 
plate. By the aid of a fluoroscope made ac- 
cording to the directions given in the June 
number of the AMERICAN ELECTRICIAN, I 
have been able to observe tlie heart beat and 
to see an outline of the spinal column 
through the thickness of the clothed body. 

Collodion varnish or gum arabic paste are 
excellent for affixing the calcium tungstate 
to the screen, which then requires several 
days to dry out properly. Merck's tungstate 
of calcium for Rontgen ray screens, may be 
obtained through any druggist for about 
sixteen cents for an '%-oz. vial, which is 
amiply sufficient to make ascreen. There is 
no appreciable advantage in using a larger 
coil than the above with the fluoroscope, as 
I can see quite as well with my coil as I can 
with one giving a six-inch spark, although 
radiograplis may be made with the larger 
coil in less time. Ifa 11o-volt electric light 
circuit is accessible, a ten-ohm resistance 
may be put in the circuit and a shunt taken 
from the resistance, allowing about twenty 
volts at the coil. 

A bichromate battery may be made from 


some large candy bottles cut down to hold a - 


quart of fluid, using for elements the carbon 
and zinc cylinders from old dry batteries. I 
have obtained excellent results with the 


‘Crookes tubes made by Queen & Company, 


Philadelphia. H. J. GOODING, 


Engine Belted Governors. 


As an illustration of what great expense 
may be caused by neglect of a simple precau- 
tion, the following incident may interest 
your readers. In a certain central station 
where four 50-light arc machines were belted 
from the same engine countershaft, the cir- 
cuit of one of the machines opened one even- 
ing, and on account of the sudden jump in 
speed, or from some other reason, the belt 
running the governor parted about the 
sanie time. Before a man could get to the 
engine throttle, no less than three of the 
dynamos were wrecks, the armature wind- 
ings having been stripped. The cause, of 
course, was the run-away speed of the engine, 
which increased as each succeeding arc 
machine was wrecked. It can be imagined 
what a sight the arc machines presented 
with their armature windings tangled up 
between the field poles. If a gravity safety 
drop had been used in connection with the 
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governor belt, as it should have been, the 
company would have been spared an expense 
of a good many hundred dollars, and the 
town where the accident occurred, saved 
from darkness for several nights. 

L. T. STORRS. 


A Queer Phenomenon. 


Several years ago a house electrician re-- 
lated to me a singular experience, and 
have never yet been able to obtain an ex- 
planation of the strange effect he noticed. 
The electrician was engaged in testing out a 
defective electric gas-lighting circuit, and in 
order to assist in Jocating the leak by means 
of the accompanying spark, he had an as- 
sistant turn the static generator while he 
made an examination ina dark attic. To 
his astonishment, he found the entire length 
of the wire in the attic luminous, the light 
given off being similar to that of a vacuum 
tube. I feel sure that an explanation from 
one of your readers of this singular phe- 
nomenon will be read with interest. 

R. T. KENYON. 
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Eddy Current From Stray Field. 


s 
A peculiar incident occured in the course 
of my practice in dynamo design, which may 
interest your readers. Our firm had been 
for a long time making a smooth-body drum 
armature, consisting of disks set upon the 
shaft with thick end disks and large nuts. 
The armature heads were of the overwound 
type, and we had trouble with the frequent 
burning out of tle heads next the pulley. 
For a time we were at a loss to account for 
it. As we gradually improved our machin- 
ery, we adopted the Eickemeyer winding, 
which left this large nut at the end of the 
armature bare. From that time on we had 
no trouble. One day when testing one of 
the machines of this type, I happened to feel 
this nut. It was so hot that it scorched my 
fingers, and I was quite severely burned. 
This heat was evidently caused by the eddy 
currents generated in it by the stray field. 
herein might lie the explanation of similar 
trouble noted by others. ENGINEER. 


Polarity Tester. 


I read in the June issue of the AMERICAN 
ELECTRICIAN the letter from Mr. J. H. Keim, 
Jr., describing a simple polarity tester, and 
while I have no doubt but that the solution 
given is very good—in fact I know it will do 
as claimed—yet I think I am using a more 
simple solution. This consists of ten parts 
of distilled water to one of iodide of potas- 
sium. I use distilled water to improve the 
keeping qualities of the solution. With this 
solution applied the same as Mr. Keim’s 
(with paper) the positive pole is shown by a 
brown mark on the paper, and the action is 
instantaneous; it can be used with distance 
proportions about the same as with Mr. 
Keim's tester, and for any reasonable volt- 
age. I have been using the iodide solution 
for about eight years and find it the best I 
have tried. Instead of water to dampen 
the paper, the user may dampen it with his 
mouth without the least fear, as it is per- 
fectly harmless, BEN W. CLARK. 


32. How can one tell whether the different 
parts of a dynamo are properly connected ? 

The simplest way is to compare the connec- 
tions with the direction sheet and diagrams 
sent with the machine by the maker. If 


these are lacking, examine the machine and Ž 


see whether it is series, shunt or compound 
wound. Then connect the field coils in 
series or in shunt with the outside circuit as 
the case may be. 


33. How can you tell whether a machine ts 
series, shunt or componnd ? 


The name plate on the machine often tells. 
When it gives both the volts and amperes, 
the machine is for constant potential and is 
either shunt or compound wound. When 
the name plate gives simply the current, as 
6.8 or 9.6 or Io amperes, the machine is in- 
tended for constant current, and the field coil 
is to be connected in series with the arma- 
ture. Another method is to examine the 
size of wire on the armature and field. If 
the field wire is larger than, or the same 
size as, the armature wire, the field and 
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FIG. 33a. 


armature are intended to carry the samie cur- 
rent and should be connected in series, as 
indicated in Fig. 33a. If the field wire is 
much smaller than the armature wire, the 
field is intended to carry only part of the 
whole current, and it should be connected 


in shunt with the main circuit, as indicated 
in Fig 330, 
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34. How can one tell whether the connec- 
tions between the armature and field coils are 
reversed ? 


If the machine picks up all nght when 
brought up to full speed, the connections 
are proper. If it does not pick up, the field 
coils may be wrongly connected. This may 
be tested by a voltmeter connected across 
the armature terminals, as indicated in Fig. 
336, or by a compass needle placed a short 
distance from one of the pole pieces of the 
dynamo in such a position that it no longer 
points to the north. If the machine is 
up to speed when the circuit through the 
field coils is open, the voltmeter will indi- 
cate a few volts due to the residual magnet- 
ism of the iron field frame, as explained in 
11 ( AMERICAN ELECTRICIAN, June, 1896, 
page 68). If the field coils are properly con- 
nected, this initial voltage will send current 
through the field coils in such a direction as 
to strengthen them and so cause a higher 
voltage inthe armature. Onthe other hand, 
if the field coils are improperly connected, 
the current due to the initial voltage weak- 
ens the field magnetism and so prevents the 
machine from building up. This will be in- 
dicated by the initial voltage becoming less 
when the field circuit is closed; also by the 
needle of the compass being less strongly 
attracted. 


35. When a dynamo has several field coils, 
should the coils be connected in series or in 
parallel? 


The different coils are almost always con- 
nected in series with one another so that 
the same current passes through each coil. 
The exceptions to this rule are that, of course, 
the series coils of a compound dynamo are 
connected in series with the main circuit, 
and the shunt coils carry only part or none 
of the current passing through the series 
coils. Again, in some large compound 
wound dynamos, the different sections of 
the series field coils are connected in parallel 
or may be connected either in parallel or in 
series. 


36. What will happen tf some of the field 
coils are reversed? 


If half of the coils oppose the other half, 
the machine will not pick up at all. If one 
of four or more coils is opposed to the others, 
the machine may pick up, but the voltage 
will be low and some of the brushes will 
spark badly. 


37. How can one tell which coil is re- 
versed? 

There should be an equal number of 
“north” and ‘‘south’’ poles in the field. 
This may be tested by a pocket compass. 
If there are more poles of one kind than the 
other, it indicates that some of the coils are 
reversed. In nearly all machines the poles 
should be alternately north and south. An 
exception to this rule is the old Sperry arc 
machine which had two north poles together 
and two south poles together. 


38. In connecting up a dynamo for the 
first time, how can one be sure to connect the 
different coils in the right direction? 


If you have no direction sheet or diagram, 
or if the terminals of the different coils are 
not made so as to indicate the method of 
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connection, get a few cells of battery and a 
pocket compass. See if the residual magnet- 
ism in the poles is alternately north and 
south. Send a small current from the battery 
through one of the coils and note which end 
of the coil must be connected to the zinc or 
negative terminal of the battery in order to 
strengthen the residual magnetism. Mark 
with a string or bit of paper the negative 
end of each coil as thus found. Connect the 
marked end of one coil to the unmarked end 
of its neighbor. continuing thus until only 
two ends are left as the terminals of the en- 
tire series. These are then to be connected 
with the armature as indicated above in 34. 


39. How can one tell by a compass needle 
whether a magnet pole ts getting stronger or 
weaker? 


Place the needle near enough to the pole 
so that it is deflected considerably from point- 
ing north and south. With the compass re- 
maining in the same place, the needle will 
be deflected further from the north and 
south line as the magnet pole becomes 
stronger, approaching a limit when the 
needle points east and west. If the needle 
is disturbed, so as to vibrate from side to 
side, it will be found that the needle vibrates 
faster as the magnet pole gets stronger, or as 
the needle comes closer to the pole. 


40. How may a dynamo lose tts residual 
magnetism ? 


By rough handling or by long standing 
unused, the magnetism becomes weakened. 
Sometimes the armature reaction due to a 
heavy short circuit will demagnetize or even 
reverse the field magnet. Sometimes also 
the induction current due to lightning will 
demagnetize or reverse the field. 


41. How may the field magnetism become 
reversed ? 


By lightning or short circuit as mentioned 
above in yo. Dynamos when not working 
sometimes become reversed by the stray 
magnetic field of other dynamos near by. 


42. When the residual magnetism ts lost, 
how can one make a dynamo pick up ? 


The field may be temporarily magnetized 
by current from another dynamo. Even a 
few cells of battery will sometimes send 
enough current through the field coils to set 
up sufficient initial magnetism to allow the 
machine to build up. (Of course the battery 
circuit should be broken before the machine 
comes up to full voltage.) Sometimes one 
end of a bar magnet held against one of the 
pole pieces will magnetize the field enough 
for a start. 


43. Willa dynamo pick up if the residual 
magnetism ts reversed ? 


Yes. The initial voltage is reversed, the 
initial current through the field coils is re- 
versed and the machine builds up with its 
voltage reversed. The current delivered by 
the machine is, of course, reversed, and 
trouble will occur if one attempts to connect 
the dynamo in multiple with other machines 
not reversed. If the machine is supplying 
arc Jamps, they will be reversed also and will 
throw their light upward instead of down- 
ward, 
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How will the action of a motor or dynamo differ 
if the machine is short-circuited in one case or 
grounded in another? A. Y. Y. 


A short circuit will at once manifest itself 
by sparking, a burn-out or otherwise, while 
a single ground in circuit will not affect the 
working of the machine in any manner. A 
short circuit may be considered as a double 
ground. 

Why are underwriters’ rules so opposed to a 
trolley circuit being used for lighting and power in 
stores and dwellings? GALVESTON. 

The use of the trolley current in a building 
is entirely indefensible, for the reason that 
every part of the building would thereby 
form one side of a 500-volt circuit. Should 
the insulation be weak at any point or be 
crossed by a conducting material, a fire 
would be likely to occur, particularly in the 
presence of dampness. 


Which pole of the earth is the true magnetic 
north? O.F. I. 


If the north-seeking pole of a magnet is 
called a north pole, then the true magnetic 
north pole of the earth is in the southern 
hemisphere. Notwithstanding the contra- 
diction, the pole in the northern hemisphere 
is called the north pole, and it is improbable 
that the designation of the poles of the earth 
or of magnets will ever be changed to con- 
form to correct nomenclature. 

1°, Iu recharging a storage battery, how should it 
be connected to the charging current with respect 
to poles? 2°. If in recharging, the battery should be 
wrongly connected, would it be injured? 3° Can 
the efficiency of a storage battery be improved at 
any time by reversing the plates, as above? 

A.V. Y. 

. 1°. The positive or brown plates should be 
connected to the positive pole of the dy- 
namo. 2°. Cells of pasted or composite 
plates would be injured, and also Planté 
plates in that the negative would be weak- 
ened through undergoing a positive forma- 
tion. 3°. After either composite or Planté 
plates are properly formed, their efficiency 
will not be increased by reversal, but most 
probably decreased. 

1°, What is the E. M. F. of the ordinary magneto? 
2°. Why is not the armature of a magneto burned 
out on short circuit? O. F. L. 

1°. Assuming that the ordinary magneto 
will ring through 5000 ohms, and that the 
current necessary to ring the bell is 1-100 
ampere, the E. M. F. generated will be ap- 
proximately, 50 volts. In strong testing 
magnetos there may be 200 volts generated. 
2°. As the usual form of magneto generates 
an alternating current and has an arma- 
ture of high inductance on account of the 
many coils of its winding, the current on 
short circuit cannot attain a high value, be- 
ing ‘‘choked ” by the inductance. 


In rewinding a field or armature of a machine, 
wuatis the result of putting more or less wire on 
one coil than on another? A.V. Y. 

In case of an armature, lack of electrical 
balance will cause sparking, and should, 
therefore be carefully avoided. As far as 
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the magneto-motive force generated by the 
ampere-turns of a bipolar field is concerned, 
the entire coil might be on one core, leav- 
ing the other bare, the case being similar to 
that of an E. M. F. in an electrical circuit. 
The coils of consequent pole and multipolar 
fields should be balanced, as otherwise there 
will be short-circuiting of lines of force— 
the case being similar to two or more E. M. 
Fs. placed in parallel. Considerations re- 
lating to heating, magnetic leakage and 
minimum resistance and weight of copper, 
make a uniformly distributed winding de- 
sirable in every case. 


Please give connections for two bells, A and B, 
such, that when the button at B is pushed A will 
ring, and when the button at A is pushed, B will 
ring. F. R. S. and W. H. W. 

One method is shown in Fig. 1 and another 
in Fig. 2. Inthe former the battery at the 
far station, say B, rings the bell at A; in 
the other each battery is local, which gives 
the latter an advantage, but one perhaps 
overbalanced by the fact that both batteries 
are always in closed circuit; for though con- 
nected in opposition so that one ‘‘ backs ” 
against the other, any reduction in voltage 
at either battery will cause current to flow 


through thecircuit. The buttons used should 
be double-contact pushes. If these cannot 
be procured, either a double-contact strap 
switch or a simple two-point switch may be 
used. By following the connections it will 
be seen that the push or switch contact must 
rest against one point when not used, and 
be pressed against the second point when 
ringing the distant bell. 


If five 1o0o-volt lamps are connected in series ona 
Soo-volt circuit, what is the voltage at the first lamp, 
fifth lamp, and at the line after leaving fifth lamp ? 

C. E. 

The voltage between the terminals of each 
lamp is one hundred. As to the final query, 
a point cannot have a voltage, properly 
speaking. The confusion shown in the query 
between potential and voltage should be 
avoided. Assuming that the negative ter- 
minal of the dynamo has a potential of zero, 
and the line no resistance, then the positive 
terminal has a potential of 500, the far ex- 
tremity of the first lamp a potential of 400, 
and the line connection of the last lamp a 
potential of zero. In practice, however, it is 
never necessary to consider potentials, as 
difference of potential or E. M. F. is what is 
practically dealt with. By keeping in mind 
the idea of voltage ‘‘drop,’’ the more ab- 
stract idea of potentials may be dismissed en- 
tirely. Forinstance, in the above case, there 
is a free voltage of 500 in circuit, generated 
at the dynamo, of which one hundred volts 
(=C R) is dropped in the first lamp, due to 
its resistance to the current passing, one hun- 
dred in the second and 500 in the five iamps, 
the free voltage being thus all used up. 
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The load being constant, why does the speed of a 
series motor vary directly with the applied E. M. F. 
Q. F. L. 


Suppose we have a separately excited dy- 
namo; then, neglecting armature reaction, 
the E. M. F. will vary directly as the speed. 
Conversely, if we have a separately excited 
motor, its speed will vary with the applied 
E. M. F., and the same, of course, will be 
true of a series motor with a saturated field. 
The following is a more direct explanation: 
Since the load torque is constant, the arma- 
ture torque must be constant; the armature 
torque is proportional to the product of the 
field by the current, and as the field is also 
assumed constant, the current must be con- 
stant; the value of the current is aa 
where Æ is the applied E. M. F. and e the 
counter E. M. F., and as # isa constant, £ 
— ¢ must be a constant; but e is the product 
of the field by the speed, and as the field is 
assumed constant, the speed must rise in the 
same proportion as the applied E. M. F., in 
order that H—e may remain constant. As 
will be seen, the above only applies strictly to 
loads requiring a current that will saturate the 
field. For very small loads, the speec will 
vary more nearly as the sguare of the applied 
E. M. F. 


1°, What isa ‘‘microhm’'’? 2°. What is resistivity? 
3%. In “Lessons in Practical Electricity,” page 
102, July issue, how was the resistance of the iron 
circuit found ? C.G. N. 


1°. A “microhm ” is the millionth of an 
ohm. 2°. The resistivity (or specific resist- 
ance) of a metal or other substance is the 
resistance of a piece of that material one 
centimetre long and of one square centimetre 
area—that is, the resistance between two 
opposite faces of a centimetre cube. Ex- 
pressed in English measure, the equivalent 
of resistivity is the resistance of a block of 
the material 2.54 ins. long and having an 
area of one square inch. 3°. The circuit re- 
ferred to has a length of 142 ins. and a diam- 
eter of 3 ins. (area = 7.0686 sq. ins.), the re- 
sistivity of the steel of which it is composed 
being 15.803 millionths of an ohm or 15.803 
microhms. First, disregard the microhm 
and consider the resistance of a length of 
2.54 ins. to be 15.803 ohms; then the resist- 
ance of 124 ins, = 14? X 15.803 — 

2.54 


which would be the resistance if the area were 
one square inch. Second, as the area is 
7.0686 sq. ins., the resistance becomes. a 
7.0686 
= 125 ohms. Third, as the resistivity is in 
microhms we divide by one million, and have 


883 ohms, 


I ,000,000 
the length into centimetres and the area into 
square centimetres; then, multiplying the 
resistivity by the former and dividing by 
the latter, we have the result at once. Thus, 
142 ins. = 360 centimetres and 7.0686 sq. 


obm. The simpler way is to turn 


ins. = 45.6 sq. centimetres; 15.803 X 360 _ 
45.6 

125 microhms, as before. The resistivities 
of different materials are given—sometimes 
under the head of ‘‘specific resistances’'—in 
many text books and pocket books, and from 
metric conversion tables may be picked the 
centimetres and square centimetres corre- 
sponding to the English measures, 


A CHEAP WHEATSTONE BRIDGE. 


One of the instruments most indispensa- 
ble to the electrician is the Wheatstone 
bridge, but heretofore the price of this ap- 
paratus has in most cases been prohibitive. 
The accompanying illustration, however, 
represents a type which is sold at a low price, 
and is yet claimed to be an efficient instru- 
ment, specially designed for practical use by 
practical men. 

The galvanometer is so constructed that it 
may be revolved independently of the en- 
graved hard-rubber face plate, thus enabling 
the zero to be easily and quickly set. One 
of the practical advantages claimed is the 
quickness with which readings may be 
taken, being much greater than with the 
usual plug bridge. The lever arms are of 
bronze and so designed as to always insure 
efficient contact. The bridges are made in 
two styles, No. 1 and No. 2. The range 
of reading in No. 1 is from .o1 ohm to 
1, 100,000 ohms, and in No. 2 from.o1 ohm to 
11,000,0c00ohms. Both are the same in price, 
the No. 1 set, however, having proved the 


WHEATSTONE BRIDGE. 


more popular, except for unusually high 
resistances. 

The above described Wheatstone bridge is 
made by K. G. Cummings, Monadnock 
Block, Chicago, Ill. 


MOTOR STARTING BOX. 


The accompanying sketch shows diagram- 
atically a motor starter designed by F. P. 
DeWilde, of Sheboygan, Wis., the main 
feature of which is an automatic motion 
whereby the handle is brought to its initial 
position, whatever the position of the con- 
tact arm, whenever the switch of the motor 
is opened. In the illustration, 4 represents 
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the usual rheostat hand wheel; B is a hollow 
spindle containing a spring which throws 
the contact arm to its ‘‘ off’’ position when 
the motor switch is opened; Cis an electro- 
magnet which holds the spindle and contact 
arm in any given position as long as current 
ison the motor; D, D are two crowns of 


MOTOR STARTING BOX, 


contact points by which resistances are cut 
in or out by the contact arm, Æ. 


8000-AMPERE CIRCUIT BREAKER. 


The large automatic circuit breaker illus- 
trated herewith is designed to break a cir- 
cuit of 8000 amperes and is to be used on a 
160-volt circuit, although made to handle 
the same current at 600 or 700 volts. This 
is known as Form K circuit breaker and 
differs only in size from the well-known K 
instruments used by the General Electric 
Company on its standard railway generator 


and feeder panels. The 
studs which carry the 
current are 3! ins. in 
diameter, and the base 
is 28 ins. square. It is 
constructed to open 
the circuit automatic- 
ally at any point be- 
tween 3000 and 20,000 
amperes, the opening 
point being arranged 
by the adjustment 
of a tension spring on the armature. This 
circuit breaker, which was made by the 
General Electric Company, is said to be the 
largest ever constructed. 


T 
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THEATRE DIMMERS. 
The type of theatre dimmer or rheostat il- 
lustrated herewith is particularly designed 


for the limited space in the wings of a 
theatre, the entire apparatus taking up 


scarcely more room than the switch alone 


FIGS. I AND 2.--THEATRE DIMMERS. 


of old types. Fig. 1 shows a single section 
of a dimmer, and the manner in which the 
sections are mounted on a switchboard is 
illustrated in Fig. 2. In this type the resist- 
ance is disposed in no less than thirty-three 
sections, thus enabling any desired intensity 
of light to be obtained. 

These dimmers are made entirely of cast 
iron,inside of which, hermetically embedded 
and sealed in a solid insulatirg material 
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are the resistance wires. The wires are | 
disposed that, while thoroughly insulated 
from the iron shell, they are yet in the 
closest possible juxtaposition to_its surface. 
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The iron shell acts as a radiator, thus rapidly 
dissipating the heat caused by the electric 
current passing through the wires. ‘The 
throw of the switch is so proportioned that 
where several sections are installed, any or 
all may be thrown in or out simultaneously. 
Large dimmers are made up of two or more 
sections bolted together and connected in 
series, the terminals of the steps being 
brought to the contacts on the face plate. 

The above type of dimmer is made by the 
Iron Clad Rheostat Company, Westfield, N. 
J., and is constructed in all sizes and for any 
desired combination. This company also 
builds special dimmers equipped with inter- 
locking switches so arranged that any or all 
of the dimmers can be thrown in circuit by 
the movement of one central lever. 


ELECTRIC PUMP REGULATOR. 


The regulator shown herewith has been 
desizned to automatically govern a pump 
operating hydraulic elevators. As the press- 
ure of water rises or falls, a small double- 
acting auxiliary water valve is operated, 
which admits or exhausts the water from 
the main operating cylinder, thereby elevat- 
ing or depressing a bell crank arm. The 
latter is connected with a switch arm con- 
trolling the passage of current to the pump 
electric motor, thus starting or stopping the 
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ELECTRIC PUMP REGULATOR. 


pump as often as the air rises above or falls 
below the desired point. 

The above ‘‘ Mason Rheostat Regulator,” 
is manufactured by the Mason Regulator 
Company, 6 Oliver Street, Boston, Mass. 


CONSTANT POTENTIAL, IOO-HOUR ARC LAMP. 


The accompanying illustration shows a 
new 100-hour, constant potential arc lamp, 
the principal feature of which is its extreme 
simplicity of mechanism. Though a focus 

lamp, there is but one wheel in the mechan- 
ism, and the entire length is but twenty- 
four inches over all, thus making a compact 
artistic type, satisfying the present demand 
for a small, long service arc lamp. 
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The focusing feature involves a much 
smaller vacuum bulb, thereby securing a 
more perfect vacuum without depending so 
much on the joints at the inclosing device 
as ina fixed arc. This feature of a perma- 


nent center of light will be appreciated by 
any one having had experience with arc 
lamps. 


IOO-HOUR ARC LAMP. 


The upper and lower carbons are each 
held flexibly and guided through lava bush- 
ings, making it impossible for the carbons 
to slide past one another and reducing the 
trouble in trimming down to a minimum. 
The vacuum bulb is readily removed from 
the cross-heads by simply lifting it up. 

The feed is accomplished by a simple posi- 


CUT-OUT BOX. 


tive device engaging the periphery of the 
one wheel in the mecbanism, and is actuated 
by a single solenoid. The insulation used 
in the lamp is lava throughout. The lamp 
consumes 3'4 amperes at 110 volts. 

The manufacturers are the Adams & West- 
lake Company, 127 Ontario Street, Chicag>, 
Ill. 


GI.OBK LOWERING DEVICE. 


The globe lowering apparatus shown in 
the accompanying illustration has been de- 
signed to satisfy the need for a device to 
lower an arc lamp globe in the shortest 
possible time without danger of breakage. 
The holder proper is hung from the vertical 
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rods sliding along the sides of the lower 
frame. When in normal position, these are 
held from above by a latch positive and cer- 
tain in action, and locked by the weight of 
the rods and holder. To lower the globe, it 
is first lifted slightly to unlock the latch, 
which may then be raised, thus releasing the 
rods and permitting the globe to be lowered 
several inches farther than in the old style 
lamps. This gives better access for trim- 
ming and cleaning. The fact that the globe 
must be lifted slightly before lowering in- 
sures a support from below and prevents its 
dropping accidentally. Every arc lamp of 
the many forms manufactured by the Gen- 
eral Electric Company is now equipped with 


ARC GLOBE LOWERING DEVICE. 


the above new globe lowering device, which 
is made by the same company. 


CUT-OUT BOX. 

The magnetic blow-out principle used 
with street car controllers, automatic cir- 
cuit breakers and lightning arresters, has 
been recently applied by the General 


Electric Company to smaller currents. 
The cut-out box illustrated herewith is 
designed for the protection of direct-cur- 
rent generators and other apparatus against 
the destructive effects of overloaded and 
short circuits, provided the current does not 
exceed 600 volts and 100 amperes. It may 
be fitted with fuses of any capacity from 3 
aniperes to 100 amperes, and any arc which 
may occur is instantly extinguished. Under 
test this cut-out box is said to have handled 
a short circuit of 2000 amperes at 500 volts, 
extinguishing the arc instantaneously. 

The box is of porcelain, 534 ins.X 4% ins.X 
4ins, thick. The fuse is secured in the cover, 
and when the cover is in position rests in a 
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closed cavity. The base of the box contains 
a small electromagnet in circuit with the 
fuse, and having its magnetic circuit contin- 
ued in the iron plate on the cover and by 
the iron screw posts. The magnetic lines 
are thus compelled to pass across the space 
containing the fuse, thus maintaining a 
strong magnetic field at the fuse when the 
current is flowing. At the blowing of the 
fuse, the arc which starts finds itself in a 
powerful field and is immediately extin- 
guished. 


FEED-WATER HEATER. 


In design, the exhaust steam feed-water 
heater shown in the accompanying illustra- 
` tion resembles the well-known Hoppes live 
steam feed-water purifier, made by the same 
manufacturer. Like the purifier, it consists of 
a cylindrical shell of steel plate and a number 
of trough-shaped pans or trays of thin sheet 
steel, the trays being placed one above the 
other and supported on steel angle-ways. 
The top pan has the least width, the lower 
ones increasing progressively so that the 
sheet of water overflowing from a pan falls 
into the one next below it. The pans are 
easily removable for cleaning. 

The exhaust steam enters at the back end 
of the heater, and after passing through an 
oil catcher, enters the heater proper, from 
which it escapes through the pipe, O, shown 
at the front end. The pipe. W, is a drip 
leading from the pil-catcher to the sewer. 
The admission of water to the heater is auto- 
matically regulated by a drain float, shown 
underneath the oil-catcher, which operates 
the balanced valve at 7. The water on en- 
tering the heater, falls into the top pan first, 
and flows downward over each pan to the 
chamber at the bottom of the shell, whence 
it passes to the pump through the pipe, 2. 
While in operation, the pans are full of 
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water and are completely surrounded by the 
exhaust steam in the shell, Owing to the 
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convex shape of the bottom of the pans, the 
water is caused to flow in a thin film along 
the under sides in such a manner that the ex- 
haust steam always comes in direct contact, 
thus heating the water to the highest degree 
obtainable without back pressure. The pans 
afford ample settling chambers for the mud 
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scale may be formed there; the highest de- 
gree of efficiency is thus maintained up to 
the time the heater is ready for cleaning. 
The exhaust steam being free from oil on 
entering the heater, that portion of it which 
is condensed -is perfectly pure, and is 
pumped into the boiler with the feed at 


MAYO ALTERNATOR. 


and solids in suspension; the lime and other 
solids in solution form, as fast as liberated, 
into scale on the under side of the pans. 

No filter is required with this heater, as it 
removes all the solids from the feed-water 
which are liberated at or under the tempera- 
ture of exhaust steam. As the water flows 
along the under side of the pans, the water 


FEED-WATER HEATER, 


always comes in direct contact with the 
steam, so that it does not matter how much 


saving of some sixteen per cent. of water. 

The Hoppes feed-water heater above de- 
scribed, is made by the Hoppes Manufactur- 
ing Company, Springfield, O. i 


COMBINED ALTERNATING CURRENT DYNAMO 
AND EXCITER. 
The rapidly growing importance of alter- 


nating current machines has caused renewed 
attention to be directed to their design, 
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which has recently resulted in several new 
types of dynamos, one of which is illus- 
trated herewith. In the combined alternator 
and exciter shown, some of the main feat- 
ures are that the armature is stationary, and 
thus any armature coil may be taken out and 
replaced in a very short time without using 
special tools or disturbing any other part of 
the machine. The rotating field has only 
one coil of wire, which takes such a small 
amount of current at a very low voltaye that 
the chance for a burn-out is reduced to a 
minimum. The regulation is stated by the 
manufacturers to be very close and the com- 
mercial efficiency high, that of the 60-Kw 
machine being ninety-four per cent. Par- 
ticular pains are given to the workmanship, 
and the style and finish of the machine are 
of the best. 

The combination was designed by Virgin- 
us J. Mayo, and the machines are manufact- 
ured at the Excelsior Iron Works, 100 N. 
Clinton Street, Chicago, under his super- 
vision. 


PERSONAL. 


fir. Eimer A. Sperry, well known from his 
pioneer connection with the electric lighting indus- 
try, and more recently from his electric railway 
work has been elected president of the Civil Engi- 
neers’ Club, of Cleveland, O. 


Mr E. J. Wessels, general manager of The 
Standard Air-Brake Company, returned from 
Europe by the “Paris” on Aug. 8. Mr. Wessels 
reports largely increased business in sight in Stand- 
ard air-brakes on the Continent. 


rir. Allen R. Foote, formerly secretary of the 
National Electric Light Association, laterin charge 
of the electrical department of the 1890 census, and 
at present editor of the American Exvrporter's Jour- 
nal, has offered himself as a candidate on the Re- 
pulican ticket for election to Congress from the 
Eleventh Congressional District of the city of New 
York. 


fir. Johan W. Lieb, Jr., has been appointed gen- 
eral manager of the Edison Electric Illuminating 
Company of, New York. Mr. Lieb was formerly in 
charge of, the Milan (Italy) Edison station, which 
was erected under his supervision, and was the 
first large central station in Europe. At the recent 
annual meeting of the American Institute of Elec 
trical Engineers, Mr. Lieb was elected a manager 
of that bodv. 


Thos. R. [ercein, secretary of the Northwestern 
Electrical Association, which held its convention at 
Marinette last month, looked after the affairs of the 
association ina most creditable manner. A paper 
read by Mr. Mercein at the convention, giving an 
account of an official visit to the East during the 
National Electrical Exhibition, showed that he pos- 
sesses not only literary skill but a fine vein of 
humor. 


OBITUARY. 


Mr. Joha N. Gamewell died at Hackensack, N. J., 
on July 19. Mr. Gamewell was well known through- 
out the United States from his connection with the 
development of the electric fire-alarm telegraph, 
the system which bears his name being used in al- 
most every city and town in the United States. 


Mr. Abraham L. Bogart, one of the oldest and 
best known electriciansinthe United States, died at 
his residence in Jamaica, L. I., July 25, at the age of 
eighty years. Mr. Bogart was the founder of the 
firm of A. L. Bogart & Company, New York, and 
both as an inventor and business man, was a prin- 
cipal factor in the development of the electric gas 
lighting industry in this country. 


Mr. John J. Hogan, the inventor of the Hogan 
boiler, died last month at Middletown, N. Y. Mr. 
Hogan was born in Ireland and educated in Dublin 
and Belgium. Recognizing his remarkable mechan- 
ical genius, Sir Wm. Fairchild apprenticed him to 
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to an English iron works, himself paying the neces- 
sary fee of £300. Aseditor of an advertising peri- 
odical issued by his company, Mr. Hogan showed 
himself to be a technical writer of fine ability, his 
paper, though professedly an advertising publica- 
tion, having also an enviable standing as an au- 
thority on steam engineering. 


NEW BOOKS. 


PRESS WORKING OF METALS. By Oberlin Smith, 
New York: John Wiley & Sons. 276 pages, 43t 
illustrations. Price, $3.00. 


The author of this work is so thoroughly identi- 
fied with the industry of which it treats, that the 
book can safely b accepted as authoritative. The 
subject is exhaustively treated under all of its vari- 
ous heads; the different forms of presses in use are 
described and illustrated and the various processes 
of cutting, bending, curling, seaming,drawing, coin- 
ing, etc., explained, detail sketches being plenti- 
fully used where necessary to make the subject 
more easily followed. 


A TREATISE ON THE MEASUREMENT OF ELECTRI- 
CAL RESISTANCE. By William Arthur Rice. 
New York: The Macmillan Company. 199 pages, 
7o illustrations. Price, $3.50. 

As a systematic account of the methods and pro- 
cesses employed in the exact measurement of re- 
sistances, and of the various forms of instruments 
employed for this purpose, the present work will be 
welcomed in the laboratory, and by those who 
have to do with electrical measurements of preci- 
sion. The chapters on the materials used in the 
construction of standards of resistance, on the con- 
struction of spools or bobbins, on the winding of 
coils, and on commutators, switches and connec- 
tions, contain much valuable practical information 
not easily attainable elsewhere. 


ELECTRIC LIGHTING SPECIFICATIONS FOR THE USE 
OF ENGINEERS AND ARCHITECTS. By E. A. Mer- 
rill. New York: The W. J. Johnston Company. 
213 pages. Price, $1.50. 


The second edition of this valuable book has been 
entirely rewritten and revised, being brought up to 
the very latest practice. To those having to write 
electric lighting specifications, this volume is indis- 
pensable, as it not only reduces labor toa minimum, 
but insures that every point of importance is in- 
cluded in a specification. The plan of the work is 
such that by its aid specifications for a plant of any 
size may be rapidly drawn up, the marginal refer- 
ences to subjects enabling those applying in any 
given case to be found at a glance. 


ELECTRIC INCANDESCENT LIGHTING. By Edwin T. 
Houston, Ph. D., and A. E. Kennelly, Se. D. 
New York: The W. J. Johnston Company. 449 
pages, 146 illustrations. Price, $1.00. 


This is the sixth volume of the ‘ Electro-Tech- 
nical Series,” and has been prepared with the view 
to presenting both the art and science of practical 
electric incandescent lighting to the general public 
in such a manner as to render the subject capable of 
being understood without any previous technical 
training. The information contained is, however, so 
complete that the book will be found of value to 
every electrician who has not had the advantages of 
extended experience or study. Thetwenty chapters 
treat of every branch of the subject, inclliding the 
physics and manufacture of the incandescent lamp, 
meters, storage batteries, series incandescent light- 
ing, etc. 


TRADE PUBLICATIONS. 


The Chicago General Fixture Company's new 
catalogue, No. 22, devoted exclusively to electrical 
supplies, and book No, 23 to fixtures, will be ready 
for distribution Aug. 25. 


Recording Electrical Instruments. The Bristol 
Company, Waterbury, Conn., in a recent catalogue 
describes and illustrates the Bristol recording volt- 
meter, ammeter and wattmeter, giving fac-similes 
of records. Unlike most recording instruments, the 
price of these is very moderate, thus placing them 
within reach of smaller installations, 


Power Pumps. Rumsey & Company, 35 Dey 
Street, New York, have issued a new catalogue de- 
scriptive of the numerous forms of hydraulic pumps 
manufactured at its works at Seneca Falls, 
N. Y. Among the types illustrated is a triplex 
power pump driven by an electric motor. A chap- 
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ter on hydraulic rams and their setting very clearly 
explains the principles and working of this interest- 
ing form of hydraulic apparatus. 


Corliss Engines. In a large page, cloth bound 
and handsomely printed catalogue, the Watts-Camp- 
bell Company, Newark, N. J., in addition to de- 
scriptions of the engines of its manufacture, touches 
upon a number of mattersin steam engineering of 
general interest. The various parts of the Corliss 
engine are illustrated by clearly drawn and well en- 
graved cuts, and the information given in regard to 
foundations, engine running, etc., will be of value 
to everyone having to do with the steam engine. 


The Newton Machine Works, Vine and Twenty- 
fourth Streets, Philadelphia, describe and illustrate 
in a recently published pamphlet a new boring, 
drilling and milling maehine. This machine, unlike 
most combined tools, is not at all complicated—the 
engraving showing it to be of an unusually graceful 
mechanical appearance. The front part of the ma- 
chine is like an ordinary commercial horizontal bor- 
ing and drilling machine, while the rear is of a new 
and improved design. 


High Speed Engines. The Watertown Steam En- 
gine Company, Watertown, N. Y., in a recent cata- 
logue shows a number of types of the Watertown 
high speed engines. The illustrations are full page 
in size, printed on a tinted background and en- 
closed by a border of a neutral tint—the effect being 
very pleasing. The text is concise and to the point, 
bringing out the features desirable in a high speed 
engine and shows how these are embodied in the 
Watertown design. 

The Hawley Down-Draft. In a large and hand- 
somely bound octavo catalogue of no less than 206 
pages, the Hawley Down-Draft Furnace Company, 
Chicago, gives an account of its fuel-saving and 
smoke-consuming furnace, with illustrations of sev- 
eral hundred office buildings and manutactories in 
which the furnace is used. The technical account 
of the furnace is very clearly written, one of the 
features being engravings showing the manner of 
its attachment to all the better known boilers on 
the market. 


Raymond Gas Engine. The J. I. Case Threshing 
Machine Company, Racine, Wis., in its catalogue of 
the Raymond improved gas engine has been guided 
by what seems to be a policy on the part of engine 
makers to spare no care or expense in getting out 
descriptive literature relating to their manufactures. 
In the present instance the result is very satisfactory 
from both the artistic and trade standpoint. The 
various types of Raymond gas engine are illustrated 
by beautifully engraved woodcuts, while the text 
displays the height of the typographer’s art, and the 
embossed covers are in keeping. 
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BUSINESS NOTES. 


The Iron Clad Rheostat Company has just com- 
pleted an addition to its works at Westfield, N. J. 

The Anchor Electric Company, Boston, was well 
represented at the Marinette convention of the 
Northwestern Association by Mr. C. O. Baker. Mr. 
Baker, as usual, made many friends. 


Jos. M. Hill, gencral sales agent of the Wagner 
Electric Manufacturing Company, St. Louis and Chi- 
cago, manager of the Columbia Incandescent Lamp 
Company, St. Louis, was present at the Northwestern 
convention at Marinette last month. 


George Cutter, of Chicago, was in attendance at 
the Northwestern convention last month and while 
there added to his reputation as a clear-headed 
speaker on technical subjects, and made a decided 
hit as a post-prandial orator. 


The Ohio Electric Works, Cleveland, O., is meet- 
ing with much success with its bicycle electric 
lamp. The lamp gives a light for four hours on 
one charge, and all who have seen it at work agree 
that electricity is the proper thing to use for alight 
on a wheel. 


The Electrical Exchange, of Chicago, recently 
sold the Merrill Railway & Lighting Company, 
Merrill, Wis.,a 60-K Ww, 500-volt Edison generator and 
three car bodies fitted with W. P.-30. T.-H. motors 
and trucks. The Merrill Company's plant was re- 
cently destroyed by fire. 

The St. Louis Electrical Supply Company, St. 
Louis, Mo., has just increased its capital stock to 
$45,000, being an increase of $15,000 over its former 
capital, Mr. Russell Stanhope comes in as a direc- 
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tor. This increase of facilities will enable the com- 
pany toextend its business and carry a larger stock. 


The Hawley Down-Draft Furnace installed in the 
New York Custom House is reported by Chief En- 
gineer Joseph Kenney to be giving excellent satis- 
faction. ‘Though soft coal is used in the fire room, 
no smoke comes from the chimney, except a slight 
puff when a furnace is being fired. 


The Central Electric Company, Chicago, had in 
attendance atthe convention of the Northwestern 
Electrical Association Mr. H. D. Latimer, who has 
represented the Central Electric Company fora long 
time. AS an expert in many lines, the opinion of 
Mr. Latimer was much in demand by the delegates. 


The General Electric Company had in attendance 
at the recent cenvention of the Northwestern Elec- 
trical Association at Marinette, Messrs. A. C. Bunce, 
F. N. Boyer and P. A. Clisdell. Mr. Bunce, by the 
way, is a brother of Rear Admiral Bunce, U. S. 
Navy, now flag officer of the White Squadron. 


The Electric Appliance Company, Chicago, had its 
interests well taken care of at the recent Northwest- 
ern convention, by its president, Mr. Willard W. 
Ioow. Mr.Low distributed some excellent literature 
among those in attendance, in addition to having a 
pleasant time with the delegates and other visitors 
to the convention. 


Union Carbon Battery. The demand for the 
Union carbon battery, manufactured by C. M. Turun- 
quist, 216 S. Clark Street, Chicago, Ill., is rapidly 
increasing. This battery is especially appreciated 
by telephone men and electric bell-hangers. It is 
claimed that this battery is stronger, and lasts long- 
er than any other carbon battery on the market. 


The W. H. Sills Mica Company, s9 Lake Street, 
Chicago, has purchased the business lately conducted 
by W. H. Sills & Co., and under the new name the 
extensive mica business done by the old firm will be 
carried on. The new company will extend its fa- 
cilities and be fully prepared to fill orders as 
miners, importers and dealers in mica of all kinds 
and grades. a 

M. R. Rodrigues, 17 Whipple Street, Brooklyn, 
will shortly place on the market a new model of the 
Grenet battery. This cell is especially intended for 
experimenters and will be sold ata low price. The 
jar will be 24% ins. square and 4'4 ins. deep, witha 
cover made in such a way that it also serves to hold 
the two carbon plates, the zinc being suspended in 
the center and easily removable. 


The Chicago Rawhide Manufacturing Company, 
75 and 77 E. Ohio Street, Chicago, has recently been 
sending out some handy blotters, on which is printed 
an advertisement calling attention to the rawhide 
bell and register cord which the company makes a 
specialty of manufacturing. It is claimed by the 
manufacturers that this bell cord is tougher, 
stronger and lasts longer than bell cord made of 
other materials. 


Chas. A. Schieren & Company, 45 Ferry Street, 
New York, manufacturers of leather belting, have 
just received an order from the Stamford Gas & 
Electric Company, for about 115 ft. of fifty-inch 
double belting. Also an order from the American 
Sugar Refining Company, for i08 ft. of fifty-eight 
inch three-ply belting. The demand for belting 
from this firm is very considerable, notwithstand- 
ing the depressed condition of trade. 


The New York Insulated Wire Company had in 
attendance at the recent Northwestern convention 
in Marinette, its Western manager, Mr. Jas. Wolff. 
Mr. Wolff, as usual, made many additions to his host 
of friends and looked after the interests of his com- 
pany in the best possible manner. The New York 
Insulated Wire Company ts to be congratulated upon 
having as its representative one of the most popular 
men in the entire West. 


The President of the People’s Electric Company, 
of Madison, Wis., was in attendance at the North- 
western Electrical convention last month. The ex- 
hibits were limited in number, but Mr. Burch had 
with him an automatic limit switch as well as some 
other specialties, including a switchboard made by 
the Standard Telephone Company, of the same 
city. Mr. Burch is an example of the many college 
educated men who are winning success in the con- 
mercial electrical field. 


The Rankin & Ffitsch Foundry Machine Com- 
pany, St. Lonis, has just shipped two 1S00-HP en- 
gines to the Milwaukee plant of the Illinois Steel 
Company. These engines weighed 240,000 Ibs. each, 
and it required two special trains of eight cars each 
to carry them to their destination. The company 


AMERICAN ELECTRICIAN. 


has just imstalled for the Union Depot Railroad 
Company, of St. Louis, a 221n. > 42in. Corliss en- 
gine running at 125 revolutions. This machine is 
direct connected to a General Electric dynamo, 


The Fort Wayne Electric Corporation, Fort 
Wayne, Ind., had in attendance at the convention of 
the Northwestern Electrical Association last month 
Messrs. C. E. Wilson and W. J. Buckley, Chicago. 
It is needless to say that the company’s interests 
were well taken care of. Mr. Buckley, judging from 
the appreciative manner in which an address he de- 
livered before the convention on high efficiency 
lamps was received, stands highin the estimation of 
the members as an electrical authority. 


The H. Channon Company, Chicago, sends infor- 
mation that the Ajax brand of rope which it has 
been introducing in electric lighting and railway 
plants, is taking splendidly wherever putin. ‘The 
company especially recommends this brand of rope 
for power transmission in large electric lighting 
and railway plants. Thecompany recently brought 
out a treatise on rope transmission which is very 
complete and valuable to anyone interested in the 
subject. A copy of this is sent free to anyone who 
asks for it and mentions AMERICAN ELECTRICIAN. 


Lounsbury & Company, Chicago, have just taken 
the Chicago agency for the engines made by the 
Racine Hardware Manufacturing Company. These 
engines are well known, a large number having 
been installed. The firm is putting in a number of 
plants direct connected to the dynamo which it 
makes and which is especially adapted to this serv- 
ice owing to the extremely slow speed. Messrs. 
Lounsbury & Company, report a good number of 
inquiries for dynamos and motors. The electric 
hoists, a description of which appeared recently in 
this paper, is also attracting wide attention. 


The C. & C. Electric Company has started the 
manufacture of alternating current generators at 
its works at Garwood, N. J., and will soon have 
ready for delivery 25-KW and 50-KW Sizes. 100-KW 
and 400-KW sizes will be placed on the market 
during the winter and spring. The apparatus will 
be of the inductor type, and alternating current 
motors will also be manufactured. Another branch 
of manufacturing, to be taken up inthe near future 
by this company, is that of switchboards, and in 
time other apparatus, the intention of the company 
being, to engage in general electric manufacturing. 


Birkholz & Company, 42 Cortlandt Street, New 
York, have commenced the manufacture of a gas 
engine especially adapted for electric lighting, and 
which promises to definitely supply a long-felt need 
in this direction. The engine is much more me- 
chanical in appearance than the usual gas engine, 
having vertical cylinders and occupying but little 
space. The governing device is remarkably efficient 
which, united with the fact that there isan explosion 
every revolution in the smaller types, and one every 
stroke in the larger engines, results in limiting the 
speed fluctuation to a percentage as low asin the 
best types of steam engines, 


An Electric Bridge. The new highway bridge 
across the Connecticut River, connecting Middletown 
with Portland, Conn., is now swung by electricity. 
The electrical equipment consists of four G. E. Soo 
motors. Two of these are connected with the 
swinging mechanism, one working and the other 
being held in reserve. Of the other two, one is located 
under each end of the turning span, to raise it from 
the fixed piers before the third motor begins to 
swing it. The bridge span is 450 ft. long, the long- 
est single span highway bridge in the world. Pre- 
vious to the installation of this electrical equipment 
by the General Electric Company, fifteen men were 
required to start the bridge and eight mento swing 
it. 

The Electric Appliance Company, Chicayo, was 
very successful on large deals during the month of 
July, closing an unusual number of orders for com- 
plete electric supply equipments for several good 
sized plants. It also states that the general volume 
of business for the month was reasonably satisfac- 
tory, considering the time of the year, and the gen- 
eral condition of trade. As general Western agents 
for ‘‘ Electra" carbons, the company is meeting with 
much success in extending the field for this sterling 
brand of are light carbons. It has recently remod- 
eled its ©“ American" telephone switchboard, intro- 
ducing a number of important improvements, which, 
it is claimed,will make the board the most desirable 
on the market. 


The M. C. Bullock Manufacturing Company, 1170 
W. Lake Street, Chicago, has received among recent 
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orders one from Krippendorf, Dittman Company, 
Cincinnati fora 120-HP,compound, central valve, non- 
condensing Willans engine for direct coupling. This 
is the third central valve engine that has been pur- 
chased by this company for its shoe factory, in 
which both the lighting and power systems have 
been remodeled in accordance with the most ap 
proved practice, using electricity in almost every 
operation, Mr. Dittman, in company with Mr. Chas. 
E. Rice, the consulting engineer of the company, 
made an extended investigation before deciding on 
the plant finally installed, and the factory is now 
probably the most complete and up to date in its 
arrangement and equipmentin the West. 


The Monash-Younker Company, 203 South Canal 
Street, Chicago, I11., has lately been incorporated 
forthe manufacturing of steam and water special- 
ties. The new conipany owns and controls all the 
specialties manufactured by the Van Auken Steam 
Specialty Company, who will continue to manufac- 
ture its specialties, the goods being sold through the 
new Monash-Younker Company. This new com- 
pavy has also purchased the patents and plant of the 
Star Coupler Company, of St. Louis, Mo., and will 
manufacture ‘‘Star’’ lead pipe couplers and fittings 
for lead pipe plumbing without soldering or wiping 
a joint. Those interested in high grade steam spec- 
ialties or the new method of doing lead pipe plumb- 
ing without soldering or wiping joints should ad- 
dress the Monash-Younker Company for its 
catalogue and mention this journal. 


X-Ray Apparatus. Investigators and others 
practically interested in X-ray work will without 
doubt be greatly interested in noting the appear- 
ance of a large and responsible concern as manu- 
facturers of all kinds of X-ray apparatus. The 
Edison Decorative & Miniature Lamp Depastment 
(General Electric Co.), Harrison, N. J., is in the 
field with an entire line of X-ray apparatus of all 
kinds. The name of this concern alone is suffic- 
ient guarantee of the completeness and efficiency of 
any apparatus that it may put out, having at its 
command the services of the most thorough experts 
in the country in its various branches. We hope to 
be able to present to our readers shortly some fur- 
ther description of the apparatus which is now 
being made and extensively sold by the above con- 
cern. 


The Card Electric Motor & Dynamo Company, 
Cincinnati, O., is equipping the presses of the Chri- 
cago Journal with three 20-HP direct connected 
motors, running 200r. p.m. The new printing and 
binding plant now being put in by Munsey's Maga- 
zine at New London, Conn., is also to be equipped 
by this company throughout with generators and 
motors for running thirty presses, cutters, binding 
machinery, etc. Another interesting installation 


- and quite a novel application of the motor, is the 


equipment now under way of the U. S. Monitor 
“Terror” with a reversible motor for operating its 
steering gear. Besides these new applications, the 
company is also shipping quite a number of railway 
motors, among recent shipments being twelve equip- 
ments to Georgetown, Ky. On the whole, the com- 
pany is to be congratulated upon the fact that it is 
kept constantly busy and obliged to run full time to 
keep up with orders. 


The Commercial Electric Supply Company, St. 
Louis, is just getting settled in its new quarters at 
1007 and 1009 Market Street. The building occupied 
by the company consists of 16,000 sq. ft. of floor 
space, there being four floors. The sales rooms and 
sales offices are located on the first floor; it is some- 
what of an innovation in the supply business to de 
vote an entire first floor to sample rooms, which in 
this instance will contain show cases in which it is 
aimed to keep everything inthe supply line. The 
only office on this floor is that devoted to the sales. 
On the second floor are located the general offices, 
including book-keepers, private offices of the officials, 
together with the shipping department, All orders 
are filled on this floor. Small wires, conduits, etc., 
are kept in stock on this floor. The third floor 
is devoted to a general stock room and contains 
bins and shelves for everything. The basement is 
devoted to heavy material, wires, cross arms, etc. 
The company has now every facility for the tran- 
saction of its business, the building being in every 
way arranged with reference to convenience 
This company hasa very large and growing busi 
ness in the South and Southwest, as well asin all 
other parts of the country. Mr. Jos. Franklin, Jr., 
isthe president of the company, and Mr. J. Frank- 
lin, Sr., is the secretary and treasurer, 
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ELECTROLYTIC COPPER AND SILVER 
REFINING. 


EW electricians are aware of the vast 

proportions which the industry of the 
electro-deposition of metals has assumed 
within the past few years. In 1894, 57,500 
tons of copper, or almost one third of the 
entire copper output of the United States, 
was electrolytically refined; since then 
there has been a large increase, and at 
the present time not far from one-half of 
all the copper produced in this country is 
refined in the electrolytic bath. 
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tion from the resulting matte. At the 
works the metal is again heated in rever- 
beratory furnaces and then cast into anodes 
for the electrolytic bath. Before commenc- 
ing a description of the final or electrolytic 
process, the electrical generating plant will 
be considered. 

Electrical Generating Plant.—The boiler 
plant consists of five Babcock & Wilcox 
boilers rated at 125 HP each, and generating 
steam at 150 lbs. pressure. The dynamo 
generating plant consists of two systems— 
one supplying current for the commercial 
copper depositing baths, and another for 
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twenty-four in all, the cross section of each 
brush being 7, in. X r}}ins. The switch- 
board of the commercial plant is shown in 
Fig. 2. = 
The cathode system is supplied by a Gen- 
eral Electric generator, shown in motion in 
Fig. 3, specially designed for the plant. It 
is a four-pole machine with a capacity of 
12 KW, and delivers rooo amperes at 12 volts; 
the field is separately excited froma 110-volt 
power circuit. The; commutator is twenty- 
four inches in length, fourteen inches in 
diameter and contains forty segments, each 
TJ; ins. wide. The brushes, sixty-four in 


One of the latest electrolytic refining plants 
erected in this country is that of the Guggen- 
heim Smelting Company, at Perth Amboy, 
N. J., which has an annual capacity for 
about 10,000 tons of copper and 30,000 oz. of 
silver, and is equipped for the most modern 
processes of refining. The copper here re- 
fined carries a large percentage of gold and 
silver, and the silver parting plant also 
handles the precious metals separated from 
a rich lead bullion that undergoes a final 
heat metallurgical process at these works. 
The refinery is in operation 365 days in the 
year, 

The copper is received at the works in 
bars, having already undergone the process 
pf raw smelting from the ore and concentra- 


FIG. I.—COPPER DEPOSITING TANKS. 


the electrolytic manufacture of cathode 
plates whose object will be explained later. 

The commercial plant consists of two 
Porter-Allen triple-expansion condensing 
engines, running at 250 r. p. m. and driving 
two General Electric generators, the com- 
mutator end of one of which is shown in 
Fig. 2. The generators are of the eight-pole 
multipolar type, each of a capacity of 180 
Kw, and delivering 1500 amperes at 120 
volts; they are shunt wound with smooth core 
armatures of the ring type. 

With generators for this service, the 
matter of brushes is an important one. In 
the present instance good satisfaction is be- 
ing given by woven-wire brushes, of which 
there are three to each brush-holder, or 


number, are of carbon containing a copper 
wire core; the cross section of the brushes is 
1% ins. square. The cathode generator is 
driven by a Standard 25-HP Westinghouse 
engine. 

In addition to the electrolytic dynamos 
there are two four-pole 40-KW power gen- 
erators and one 40-KW I10-volt incandescent 
lighting generator. A considerable number 
of electric motors are employed for various 
purposes, their power ranging from 50 to 
734 HP. Two Otis freight elevators, a Shaw 
crane, and desilverizing kettle stirrers are 
operated by electric power. 

The Cathode Baths.—In the system used at 
the Guggenheim refinery, the copper is de- 
posited on special cathode plates, which 
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plates are prepared in a system of tanks sep- 
arate from the commercial tanks. Rolled 
copper sheets in. thick, receive the cathode 
deposit, which is permitted to become ,', in. 
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plates of each tank are in multiple. On the 
outer side of each tank is a copper bar 14 
ins. square in cross-section, and on the inner 
a wocden bar which together form the sup- 


FIG. 2.—GENERATOR OF COMMERCIAL SYSTEM. ~ 


thick, both sides of the rolled copper being 
thus plated. Fig. 4 shows the rolled plates 
prepared for the bath. Wood strips form a 
frame about three sides of the plates; after 
the two surfaces are oiled and covered with 
graphite in order to prevent the cathode 
deposit from sticking, the plates are placed in 
tanks between commercial anodes and after 
the necessary thickness of copper is depos- 
ited, the shells are stripped from the plates 
and are ready for use as cathodes in the 
commercial tanks. There are 39 cathode 
tanks, each 8 ft. 6 ins. long, 3 ft. deep and 2 
ft. 6 ins. wide. The cross-section of the 
conductors supplying current to the tanks is 
IX ins. square. 

The Commercial Baths.—Fig. 1 gives a 
general view of the tanks for the commer- 
cial deposition of copper, and a single tank 
is shown in Fig. 5. As will be seen, the 
tanks are arranged in terraces, the object of 
which is to facilitate circulation of the elec- 
trolyte. There isa difference of level of about 
two inches between each row of tanks, and an 
overflow pipe of the necessary diameter 
keeps up a sufficient circulation to maintain 
the electrolyte in proper condition—there 
being a constant supply of new fluid to re- 
place that drawn off. The tanks, which 
number 360 in all, are of 2-in. pitch pine 
coated with “P. & B.” paint, each being 9 
ft. ro ins. long, 3 ft. deep and 2 ft. 6 ins. 
wide. The electrolyte as prepared for the 
bath, has in solution, by weight, 16 per cent 
of bluestone and 5 per cent of free sulphuric 
acid. Samples from the tanks are frequently 
tested in order to insure reliability of result. 

Each tank contains twenty-two anodes and 
twenty-three cathodes. The anodes for elec- 
tro-deposition are cast in the shape shown in 
Fig. 6. They are 2 ft. 6ins. long, 2 ft. wide, 
3 ft. 2 ins. across the lugs, and 1 ins. thick. 

All of the 360 tanks are in series, and the 


ports for the anodes and cathodes; the two 


: outer bars of each pair of tanks are the + and 


—conductors. The tops of the cathodes are 
bent as in Fig. 4 and hang from copper cross 
bars, while the anodes are supported by their 
lugs (Fig. 6). 
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a square porcelain insulating block, the ob- 
ject of which will be apparent from the next 
paragraph. 

Referring to Fig.7, current enters the lower 
tank to the left through itstwenty-two anodes 
in multiple, of which one, A, is shown; the 
cathodes, it will be seen, are insulated from 
the positive conductor. The current then 
proceeds through the bath to the adjacent 
cathodes, 8, B, and then, by means of the 
connectors, C, passes to the anodes of the 
second bath; then continuing through this 


bath, it enters the cathodes, D, passes to the 


extreme conductor, and enters the next pair 
of tanks, in which its course is the same as 
that just described. 
` It will thus be seen that the tanks of each 
pair are in series the same as the adjacent 
pairs of tanks. In the actual tanks, the con- 
nectors, C, are plates of copper 6 ins. long, 
2% ins. wide and \ in. thick, supported on 
the two wood bars, Z and Z’; the end of a 
cathode and anode bar, respectively, resting 
on each plate. ' 
The anode and cathode plates are sepa- 
rated by about 1% ins... The current density 
is about ten amperes per square foot 
(counting both sides of the anode plate), 
and it requires about twenty-four days of 
twenty-four hours to electrolytically transfer 
the copper of the anode to the cathode rlate, 
the weight of the former being about 275 
Ibs. The density of the current varies with 
the richness of the anode in precious metals; 
if a large quantity is present, a high density 
would carry part of the silver to the copper. 
In very pure copper a density as high as ten 
and even twenty amperes may be carried. 
The voltage, of course.depends only upon the 
onic resistunce « f the electrolyte, cenduct- 


FIG. 3.—GENKRATOR OF CATHODE SYSTEM. 


The tanks are arranged in pairs, as shown 
in Fig. 7. M, M, M, M, are the ends of 
tanks, the supporting and conducting bars 
above referred to being represented by the 
heavy horizontal lines. The heavy vertical 
lines represent the anodes, and the lighter 


‘vertical lines the cathodes. The small circles 


under one end of each cathode and anode is 


ors and plates. With 356 tanks (four tanks 
are always out of circuit, having “ slime ” re- 
moved and being otherwise cleaned), the 
voltmeter at the switchboard registers from 
117 to 120 volts with 1500 amperes. ə» 

At Perth Amboy the copper refined is usu- 
ally rich in precious metals, carrying at 
times 600 oz. of silver and 4 oz, of gold 
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to the ton of copper, If the current is 
kept at the proper density, all of these 
metals, together with impurities like bis- 
muth and antimony, are deposited in the 
bottom of the tanks in the form of a black 
slime, which name it goes bv in the refinery. 


FIG. 4.—CATHODE FORMER. 


This slime is carefully gathered and passed 
through chemical and heat reducing pro- 
cesses, which remove most impurities and 
concentrate the silver and gold; the latter is 
then ready for what is known as the electro- 
lytic ‘‘ parting’’ process. At the Perth Am- 


FIG. 6.—ANODE CASTING. 


boy works, lead carrying silver and gold is 
also refined, and the precious metals from 
the lead and the copper are united in one of 
the final processes of concentration prepara- 
tory to eléctrolytic ‘‘ parting.” 
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The peculiarity of the Moebius process 
consists in the employment of a belt for the 
cathode, which belt is always kept in motion, 
and from whose surface the silver deposited 
from the anodes is continuously removed by 
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permits it to fall into the hopper shown in 
the illustration. 

The electrolyte consists of nitric acid (38 
Baumé) having dissolved in it granulated 
silver; some nitrate of soda and nitrate of 
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FIG. 5.—TANK OF COMMERCIAL SYSTEM. 


scrapers located at one end of the tank. 
The belt, which is clearly shown in Fig. 8, 
is made of a sheet of. pure rolled silver, fif- 
teen inches wide, thirty-one feet long and 
weighing about forty pounds. Its upper por- 
tion passes about ¥% in. beneath the lower 
surface of the anodes; the belt is given a 
motion of about three feet per minute. 

There are forty-eight Moebius tanks in the 
silver parting plant, grouped in eight sets 
of six tanks each. The tanks, which are 
made of 2-in. pitch pine coated with acid- 
proof cement, are 14 ft. 3 ins. long, 16 ins. 
wide and 7 ins. high, and are arranged in tiers 
of three. 

In each of the latest type of tank there are 
twenty-four wood frames one inch deep, 
each of which contains an anode; over 
the bottom of the frames a muslin dia- 
phragm is stretched, and the anode rests on 
four hickory cross rods about % in. above 
this; the cathode belt passes about half an 
inch below the diaphragm. The anodes are 
12 ins. long, 3 ins. wide and % in. deep, 
containing usually 100 oz. of silver and from 
.3 to .8 oz. of gold. The anode contact levers 
shown in the illustration are tipped with 
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FIG. 8.—SILVER PARTING TANK. 


Silver Parting Plant.—The silver refining 
process used at Perth Amboy is that of Dr. 
B. Moebius, and is very interesting in its 
various details. The latest form of deposit- 
ing tank is shown in Fig. 8, to which the de- 
scription ‘that follows will apply. 


platinum; the cathode contacts are shown to 
the right of tbe cut, and consist of silver 
brushes bearing on the cathode belt. To 
the left of the tank is a revolving scraper or 
brush which, as the surface of the belt passes 
over it, removes the deposited silver and 


copper are also added when starting up with 
a new solution. 

A General Electric generator supplies 200 
amperes of current; the voltage depends up- 
on the strength of the nitrate solution and 


FIG. 7.—TANK CONNECTIONS. 


the length of time the anodes have been in 
circuit, but averages about ninety volts. All 
of the forty-eight tanks are in series, and 
the anodes of each tank are in parallel. The 
capacity of each tank is 600 to 700 oz. of 
silver per twenty-four hours. 

The residue from the anodes is principally 
deposited on the muslin diaphragms, and 
consists of gold, bismuth, lead and anti- 
mony. The former metal is finally recover- 


ed from the residue by chemical means. 
—eo 


Edison Illuminating Companies. 


At the seventeenth convention of the Asso- 
ciation of the Edison Illuminating Com- 
panies, held at Manhattan Beach, Aug. II- 
13, the following officers were elected: Pres- 
ident,Samuel Insull,Chicago; vice-president, 
R. R. Bowker, New York; secretary, W. S. 
Barstow, Brooklyn; treasurer, J. W. Lieb, 
Jr., New York. Executive Committee : C. 
L. Edgar, chairman; Alexander Dow, George 
R. Stetson, A. W. Field, J. H. Vail; the offi- 
cers of the Association are also members of 
the Executive Committee. At the conclu- 
sion of the meeting the members and guests 
took a special Pullman train to Schenectady, 
where they made an inspection of the Gen- 
eral Electric Works, 
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Care and Management of Electric Motor- 
Meters. 


By THOS. DUNCAN. 


In these days of electric incandescent 
lighting when the flat-rate system is grad- 
ually and permanently merging into oblivion, 
and is being replaced by the common sense 
system of integrating meters, a few remarks 
or hints upon the use and management of the 
latter will not be out of place. 

When an electric lighting station is in- 
stalled, it too frequently bappens that the 
meter is invariably the last instrument or 
piece of apparatus to be considered and put 
into active use. This is a mistake, as has 
been demonstrated in many small plants 
started in this manner. I say small plants, 
because #t is this class which practices and 
suffers most from this cause. 

If meters were installed from the com- 
mencement, there would not be half the 
complaints received from consumers, as is 
the case when a change is made from a flat 
rate toa meter basis—a change which must 
eventually be made by all producers of elec- 
trical energy for distribution and censump- 
tion as light and power. 

Suppose we take the case of a consumer 
who is being supplied on a flat-rate basis, 
and paying sixty cents per month per lamp. 
If he has five lamps it costs him three dollars. 
This is on the supposition that he will proba- 
bly use these five lamps on an average of two 
hours each evening. If he does, then the 
price is remuneration enough. The fact is, 
however, that since he knows that he has to 
pay three dollars monthly for his five lamps, 
he is going to use them all he can, and in- 
stead of the daily average of burning being 
two hours it is more likely to be four. In 
this way, the central station man cannot 
help but be the loser. Now if he changes 
over to the meter basis, what is the result? 
This customer will naturally find that his 
bill is double what it was on the old basis— 
that is, provided he uses his lamps in the 
same manner. He cannot help but entera 
complaint for the overcharge, for such it 
appears to him, and the probability is, he 
will tell the station man either to give him 
back the flat-rate or take out his lights. 

If the consumer had used his five lights on 
an average of two hours each evening dur- 
ing the month, or for, say, thirty days, then 
the change would not have made any appar- 
ent difference, because five lights for two 
hours each day and for thirty days would 
be equal to 5X 2X 30= 300 or 300 lamp 
hours; this at one cent per lamp hour is 
three dollars, or just the amount asked by 
the lighting company on the flat-rate basis. 
But suppose he continued to use his five 
lamps on an average of four hours daily after 
the meter had been installed, the result at 
the end of the month would be that the 
meter read just double or 5X 4X 30= 600 
lamp hours; this at one cent per lamp hour 
would be six dollars, or the actual amount 
due the lighting company instead of only 
three dollars as was being paid on the flat- 
rate basis. 

These comparisons are indeed very mild, 
as I have known many cases where the con- 
sumer, without any apparent necessity, 
burned some of his lamps all night—some- 
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thing that would never be practised with a 
meter in circuit. 

When meters are received from the manu- 
facturer they should not be let stand around 
1n the boxes in which they are packed, but 
ought to be taken out and inspected. After 
this they should be placed, until needed, 
on suitable shelves provided for their recep- 
tion in the store-room. This not only sys- 
temizes matters, but gives the man in charge 
of the meters an opportunity to see whether 
they have been received in good order, and 
if damaged give him an opportunity to noti- 
fy the proper parties, as it frequently hap- 
pens that meters are damaged in transit. It 
is also well to have a few meters of the sizes 
most used constantly on hand and not wait 
until they are actually needed before being 
ordered, as this often results in considerable 
delay, since the manufacturers are sometimes 
unable to ship meters immediately upon re- 
ceipt of order. 

If the lamps are wired in and no meter on 
hand, it is common practice to let the con- 
sumer have light free until the meter ar- 
rives, which may be for a week and possibly 
longer. This is very poor management and 
should be discouraged and abandoned by all 
central station men. Just imagine a gas 
company supplying one or more customers 
with free gas until the meter arrived—a 
transaction seldom if, in fact, ever heard of. 

Before a meter is installed it should be 
tested to see that it is running all right, and 
that itis of the proper voltage and carrying 
capacity for the work and circuit to which it 
is to be applied; this will materially reduce 
the losses sometimes incurred in placing, by 
mistake, fifty-volt meters on one hundred- 
volt circuits, and installing meters of a carry- 
ing capacity much too small for the load. 
If by accident a one hundred-volt meter is 
put on a fifty-volt circuit, there is likely to 
be trouble at the end of the month when the 
reading of the meter istaken. If it be a lamp- 
hour meter, the reading will be nearly double 
what it should be; if it bea wattmeter, the dif- 
ference will not be so marked, since the re- 
duction to one-half of the magnetic flux in the 
armature (which represents the electro- 
motive force) is compensated for by the fact 
that the series coils have doubled their flux 
with any given number of fifty-volt lamps as 
compared with the same number of one hun- 
dred-volt lamps. 

The series coils of these meters, however, 
would suffer from overheating, since a one 
hundred-volt meter having a capacity of, 
say, fifty lights would never have to carry 
more than thirty amperes or an average of 
six-tenths of an ampere each, whereas if it 
be accidentally installed on a fifty-light, fifty- 
volt circuit, it will have to carry, when 
loaded, something like fifty-five amperes or 
nearly double for what it was designed. 

It being true that all the lights in a resi- 
dence are scarcely ever used at one time, it 
follows that, from a point of economy, it is 
wise to install a meter having a somewhat 
smaller capacity than that of the total num- 
ber of lights. Taking, for instance, a resi- 
dence having fifteen lights, a ten-light meter 
would answer very well, since the average 
number in use at any one time would not 
exceed eight or ten, and if all the lights 

should happen to be in use during an evening 
on some special occasion, the meter will take 
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care of them all right, and without encount- 
ering any serious damage. 

The following table, which gives the sizes 
of -meters that may be used in residence 
lighting, the number of sixteen-candle-power 
lamps they can take care of, and the sizes of 
wire best suited for winding the series coils 
in order to withstand temporary overload, 
will be found useful, and at the same time 
answer questions very often asked by central 
station men : 

DATA OF METERS. 


Gauge of Wire. 


Size of 


Meter c 
in Lights. | 50 Volts. | 100 Volts. 


Number of 
Lights 
Installed. 


Too much stress cannot be laid upon the 
requirements necessary for the successful in- 
stalling of meters. If these are not properly 
attended to, the neglect is sure to become a 
source of future annoyance, the results of 
which invariably work to the disadvantage 
of the owners of the plant. 

The proper time to locate the place where 
the meter is to be installed is when the wir- 
ing is being done. This should be in ‘a place 
easy of access and always dry, and, when 
possible, high enough above the floor that 
the person reading the meter will not have 
to get down on his knees. When they are 
placed in an attic (as is the case with ninety 
per cent. of them) they should be near a 
window, so that no matches, candles or oil 
lamps will have to be used to enable one to 
read them. Otherwise it is not only annoy- 
ing and troublesome, but actually dangerous. 

The meter must never be screwed up 
against a plastered wall, but should be fast- 
ened to a board which is itself screwed 
against the wall. This method is particular- 
ly commendable in large cities where there 
is a good deal of vibration in buildings caused 
by wagons, street cars and other heavy ve- 
hicles, this in time causing the meter to tilt 
through the screws becoming loose in the 
plaster, thus putting the meter out of level. 
This board can be large enough to accommo- 
date a double-pole fuse block inserted in the 
line ahead of the meter—that is, between it 
and the transformer or other source of sup- 
ply. This arrangement will be found much 
more convenient than that ordinarily prac- 
ticed, or where the meter is installed at one 
part of the building and the fuse block in 
another. The necessary connections for 
coulomb and lamp-hour meters are shown iy 
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Fig. 1, and Fig. 2 shows the method best 
adapted for watt-hour meters. 

Care should be exercised in putting the 
line wires into the meter, and the set-screws 
should be firm, so as to make a good con- 
tact. It frequently happens that this is 
neglected, with the result that heat is de- 
veloped at the binding posts, which invari- 
ably burns the wooden blocks to which the 
terminals or binding posts are screwed. 

When the meter is installed, carefully in- 
spect it to see that all the moving parts are 
free, and that no lint or other obstructive 
matter is adhering thereto, as this will tend 
to reduce the speed on very small loads. 
Examine the registering train to see that it 


FIG. I.—CONNECTIONS FOR COULOMB 
METER. 


is in proper working order, look over the 
pointers, and if bent, be sure to straighten 
them, or diffculty in reading will surely 
await the person who has this work to per- 
form. When satisfied that these points are 
all right, next examine the worm wheel, 
which should mesh easily into the worm 
upon the shaft, and not be too taut, as this 
might cause jamming, thereby stopping the 
meter on small loads. It must also be re- 
membered that this wheel and worm should 
not mesh too loosely, as this may also cause 
trouble. Then turn on one or two lamps to 
make sure that the circuit and meter are all 
right. I knew of a case several months ago 
in which the meter was installed in the 
morning, but without ascertaining whether 
everything was in readiness for operation or 
not; the consequence being that when eve- 


FIG. 2.—CONNECTIONS FOR LAMP- 
HOUR METER. 


ning came the people in the house could not 
obtain any light until they had waited sev- 
eral hours after notifying the station mana- 
ger of thetrouble. When the meter man ar- 
rived, he discovered that he had neglected 
to put fuses in the fuse block, which he 
would have noticed if he had only taken the 
precaution to test his circuit and meter be- 
fore leaving them. After a meter is in cir- 
cuit and before the cover is replaced, it 
should be noticed that the in-leading wires 
fill up the holes through which they pass 
into the meter, in order that the entrance of 
dust and insects may be prevented. If any 
space is around these leads, it must be filled 
up with tissue paper, or something much 
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better in the form of asbestos paper made 
soft and pulpy by soaking it in water. The 
cover may now be replaced and sealed, when 
every thing will bein readiness for operation. 

As @ general rule, there is more or less 
trouble experienced in using meters for the 
first time, when it comes to reading them 
and collecting the bills; the former many 
times being due to the inexperience of the 
meter man, who may be entirely new in the 
business, and the latter being brought about 
by the prevailing and erroneous impression 
among the people that electric meters are, 
like their forerunner and present competitor, 
the gas meter, inaccurate. This appeals to 
their imagination all the more vividly when 
they know that electricity is of an intangible 
nature and a medium only known to exist 
by its effects. 

If the meter be a lamp-hour instrument, 
the chances for checking by the consumer 
are without doubt the simplest and most 
easily understood. If he entertains any 
doubt in his mind as to itsaccuracy of opera- 
tion, it is only necessary to keep a record of 
the number of lamps used during an evening 
and their time of use, or the number of 
hours they have been burning, when the 
product of these two quantities will give the 
reading of the meter. If it be an ampere- 
hour meter, it becomes necessary that he 
be made acquainted with what is meant by 
the unit ‘‘ampere,’’ which can without 
much difficulty be explained to him so as 
to be intelligently understood. When a watt- 
meter is employed for measuring the energy, 
it is not quite so easy to make him under- 
stand what he is paying for, and in many 
cases a consumer has a disposition not to 
pay for anything he does not quite under- 
stand. This, of course, is natural, but yet I 
have heard central station men express a 
desire for wattmeters, since the mere fact of 
their customers not understanding what a 
watt-hour is, makes them less liable to 
check up the readings of the meter, as is 
easily accomplished with a lamp-hour 
meter, 

Many instances are on record in which the 
persons reading the meters claimed that 
they ran backwards. This mistake is very 
easily understood by those who have had a 
wide experience with meters, and one that is 
possible only through mistakes in reading; 
therefore every precaution should be exer- 
cised in order that such mistakes do not oc- 
cur, as they not only help to destroy the 
confidence in the meter, but in many cases 
it is actually the means of having it removed 
as faulty. 

In reading the dial the best practice is to 
commence at the right hand side and read 
towards the left, at the same time taking 
great care that the proper numerals are set 
down, as it is in this that mistakes are most 
frequently made. A case came to the notice 
of the writer last winter, through a com- 
plaint which purported that a certain meter 
had read or rather had run backwards dur- 
ing the last month. The matter was in- 
vestigated, and the following data will serve 
to show how the mistake occurred: 


Reading ist month 486 lamp hours. | 


ss ad t 838 (6 t 
66 3d 66 1206 t4 66 
t 4th 66 2817 66 t 
(ES sth 64 2274 (F) 66 


isi 


It will be seen at a glance, that the cus- 
tomer had every reason to complain of his 
bill for the fourth month, as it was much 
too high, yet the station man held that he 
must have used the light, as the meter was 
giving entire satisfaction up to that time, and 
subsequent tests had proved it to be yet cor- 
rect. The matter was patched upsome way, 
and the following month disclosed the fact, 
they said, that the meter had been running 
backwards that month, when it was evident- 
ly running too fast the month before. It is 
safe to assert, however, that tbe reading of 
the fourth month was an error, and in all 
probability should have been and was 1817 
instead of 2817. It may have been due to 
the person glancing at the thousand pointer, 
and noticing it to be nearer to the numeral 2 
than 1, he put it down as 2 in his book or 
record—evidently forgetting for the moment 
that it could not be 2 until the hundred hand 
or pointer had reached o again. 

In reading watt-hour meters it is custom- 
ary to read them as you would a gas meter; 
that is, the number given over or under the 
circle representing the value of one complete 
cycle or revolution of its pointer. If 100015 
over the first or right hand circle and it is 
divided into ten, the value of each will be 
100. This is not the case with the ampere 
and lamp-hour meters, as the number 
placed over and under the circle represents 
the value of each division of that circle. 
This sometimes causes a little confusion with 
those using both types, but after becoming 
familiar with the meters a mistake seldom 
happens. 

Another difficulty into which purchasers 
fall occurs when it is decided to use ampere- 
hour meters in preference to something else, 
and they start out by telling their customers 
that it will now cost them, say, one cent per 
ampere-hour. This works all right, probably, 
on the 50-volt circuits; but when they take 
the readings on the meters which have been 
installed on 100-volt circuits, they discover 
that something 1s wrong; the meter has only 
indicated one-half what it should have regis- 
tered in their estimation. It was evidently 
not considered that the 100-volt lamps re- 
quired only half an ampere, registering only 
approximately one-half the number of am- 
pere hours that they would on a 50-volt 
circuit; hence customers have to be notified 
that they are using 1Io00-volt lamps, and, 
therefore, the rate must be doubled. This 
necessitates the use of two rates; one for 50- 
volt circuits and another for 100-volt circuits, 

If the foregoing double rate does not 
meet with approval, the only alternative is 
to reduce the reading on either voltage to 
watt-hours, and use a single rate of so much 
per 1000 watt-hours. For simplicity’s sake 
let us take the following example : 

If we take an ampere-hour meter in circuit 
with twenty lamps of fifty volts each and 
for a period of ten hours, the reading of the 
meter at the expiration of this time will be 
200 ampere-hours (that is, of course, on the 
assumption that these lamps take, on an aver- 
age, one ampere each), This at one cent 
per ampere-hour will be $2. But to re- 
duce this reading to watt-hours, we take the 
product of the ampere-hours and the voltage 
of the circuit, which will be in this case 200 
X 50 = 10,000 watt-hours; this at twenty 
cents per 1000 watt-hours will be $2. Let 


e 


‘is conducted in a first class manner. 
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us now put this same meter in circuit with 
„twenty lamps of 100 volts each and for the 
same time (ten hours), and the reading will 
be twenty lamps of one-half ampere each, or 
ten amperes times ten hours, equal to 100 
ampere-hours at two cents per ampere-hour 
(100-volt rate), or $2. The reduction to a 
watt-hour basis will be the reading of the 
meter in ampere hours multiplied by the 
voltage of the circuit or 100 X 100 = 10,000 
watt-hours, which at twenty cents per 1000 
will be $2. 

The following equivalent charges will be 
found useful in computing the cost of light- 
ing: 

METER RATES. 


Wattmeter 


Lamp Meter 


Sp and 100 volts}| 50 volts. 


Ampere Meter 


100 volts ||50 and roo volts 


Complaints when received from customers 
should be attended to immediately, not only 
to maintain the good will of the customer, 
but as a means of showing that the business 
If the 
complaint is to the effect that his meter is 
running too fast, make a test of it before him 
in order that he may be fully satisfied. The 
method of taking down a meter upon the 
slightest complaint and replacing it with an- 
other only aggravates matters and gives the 
customer the impression that he was right in 
his: convictions whether the meter was at 
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fault or not. It is time enough to remove 
the meter when the man in charge is satis- 
fied that it is not working properly. 

When a meter is taken down for repairs, it 
is always best to repair it as soon as possible 
or convenient, or while the probable fault or 
faults are yet fresh in the memory, since put- 
ting it away on some shelf or dark corner 
until a rainy day comes is sure to find a 
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week’s work to be done. If necessity re- 
quires its being laid away for the time being, 
a slip of paper should be put inside the cover 
bearing the name of its last user, its size, and 
the probable faults accountable for itgaction 
and for which it was removed. 

The best success will be attained if a thor- 
ough record of all the meters be kept by the 
person in charge. A book with a page simi- 
lar to Fig. 3 can be procured from meter 
manufacturers at a small cost, which will 
save a great deal of useful time and prevent 
many disagreeable disputes. 

Another convenient method of insuring 
accuracy would be to use a number of these 
slips, consisting of the heading shown in Fig. 
3, with only one row of circles and padded 
together. One of these slips can be filled 
out for each meter as the reading is taken, 
then all handed in to the bookkeeper from 
which to make out his bills. 

When the reading of the meter is taken it 
should be done by putting a mark directly 
upon the circles of the record book to cor- 
respond with the readings on those of the 
meter dial. In this way not only the nu- 
merical amount, but the actual position of 
the pointers on the several circles is on 
record in case of a complaint being made 
afterwards. | 

A very good way of keeping the consumers 
informed is to havea slip of paper or card 
hanging beside the meter with his name and 
the number of the meter printed thereon, 
and as the readings are taken each month, 
they should be put down upon this card, at 
the same time taking good care that the 
reading placed thereon agrees with the 
official records. 

To guard against curious and meddiesome 
customers who are ever present, the meter 
should be well sealed so that there is no pos 
sible way of interfering with its operation 
without leaving signs or marks of that 


character. 
—— a? a 


Armour Institute. 


The Year-Book of the Armour Institute 
shows the faculty to contain no less than 33 
members, who are reinforced by a number 
of lecturers, among whom we note Prof. 
H. S. Carhart and Mr. Fredk. H. Loveridge. 
The electrical engineering course, in charge 
of Prof. Wilbur M. Stine, is adapted to the 
latest requirements of electrical engineering. 
Chemistry, for example, occupies a leading 
place in the curriculum, thus recognizing 
the growing importance of electro-chemistry 
and electro-metallurgy. 


—_—__2-e—— —_—_ 


Modern American Transformers. 


Bulletin No. 11 of the Univ. of Wisconsin is 
a valuable electrical monograph, giving all of 
the details and the results of a complete test 
of modern American transformers of moder- 
ate capacities. The author is Mr. Arthur 
Hillyer Ford, fellow of electrical engineer- 
ing of the University. The report, which 
covers no less than 88 octavo pages and in- 
cludes 39 illustrations, is prefaced by a note 
by Prof. D. C. Jackson, which lays down 
the points that the central station man 
should observe in purchasing transformers. 


(Vor. VIII. No. s. 
COMMUTATOR BRUSHES FOR DYNAMO- 
ELECTRIC MACHINES; THEIR SELEC- 
TION, THEIR PROPER CONTACT 
AREA AND THEIR BEST 
TENSION. 


By ALFRED E. WIENER, E.E., M.E., 
M.A.I.E.E. | 


In designing dynamo-electric machinery, 
care should not only be exercised in the di- 
rection of obtaining the best possible dimen- 
sions, windings and electrical and magnetica 
efficiencies, but the desideratum should also 
be to produce machines of best performance 
when subjected to working conditions. But 
the performance of a dynamo when running 
depends chiefly upon the design of the cur- 
rent collecting device; the -commutator 
brush,. in consequence, is one of the most 
important parts of a dynamo-electric ma- 
chine, and its design, in order to achieve best 
results, should be worked out with as much 
attention as that of the field frame or of the 
armature. 

The proper design of the commutator 
brush consists (1) in the selection of the 
material and form best suitable for the par- 
ticular purpose; (2) in an appropriate 
dimensioning of the brush contact area, in 
accordance with the current output of the 
machine in question; and (3) in the deter- 
mination of the most favorable brush-tension. 

I. Material and Kinds of Brushes.—For 
low potential machines having a large cur- 
rent output, such as incandescent lighting 
generators, electro-plating dynamos and ma- 
chines for electro-metallurgical purposes, it 
is the practice to employ thick copper 
brushes, made up either of copper wires or 
copper strips, or copper wire gauze, in order 
to secure a large number of contact points 
and to set them so as to make an angle 
about 45 degs. with the commutator sur 
face, as shown in Fig. 1. In small dy- 
namos often springy copper plates are used 


FIG. 1.—SLOPING COP- FIG. 2 —TANGENTIAL 
PER WIRE- (OR COPPER PLATE 
LEAF-) BRUSH. BRUSH. 


which are placed tangentially to the commu- 
tator periphery, as illustrated in Fig. 2. For 
high potential machines, especially for rail- 
way generators and motors, carbon brushes 
are used in order to aid in the sparkless col- 
lection of the current at varying load. As 
each commutator segment enters under the 
brush, the area of contact is, at first, very 
small, and, owing to the high specific resist- 
ance of carbon, a considerable resistance is 
offered to the passage of the current from 
the branch of the armature of which that 
segment at the time is the terminal, into the 
external circuit. This gives rise to a consid- 
erable local fall of potential, which diverts a 
comparatively large portion of the armature 
current through the neighboring coil into 
which it flows against the existing current, 
causing the latter to reverse quickly in op- 
position to the E. M. F, of self-induction, 
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thereby preparing the short-circuited coil to 
join the successive armature circuit of op- 
posite polarity without sparking. The resist- 
ance of the carbon brushes cannot be de- 
pended upon for the complete commutation 
of the entire current, but in most generators, 
especially those with toothed and perforated 
armatures, fully half the armature current 
may be thus commutated. In railway gen- 
erators it is usual to adjust the brushes so 
that at no load they are in the neighborhood 
of the forward pole-tips where the pole- 
fringe E. M. Fs. generated are sufficient to 
reverse one-half of the normal current, the 
remaining half being then taken care of by 
the carbon brushes. 

Carbon brushes are either set tangentially 


TN 


FIGS. 3 AND 4.—TANGENTIAL 
AND RADIAL CARBON 
BRUSH. 


(Fig. 3), or radially (Fig. 4) with respect 
to the commutator circumference, the latter 
arrangement having the advantage of ad- 
mitting of reversal of the rotation without 
changing the brushes. 

To use carbon brushes exclusively on ma- 
chines of low voltage would be very bad 
practice, because carbon has so much higher 
resistance than copper, that the drop of po- 
tential would be excessive, and too great a 
percentage of the power of the machine 
would be used up for commutation. If, 
therefore, the resistance of an ordinary 
copper brush is not high enough for spark- 
less collection, a copper gauze brush must be 
employed which has a much higher resist- 
ance than a copper leaf brush, and while 
there are some mechanical advantages in 
using it, such as cooling effects and 
smoother wear of the commutator, yet the 
principal reason it stops sparking is that it 
has a higher resistance. In case the resist- 
ance is still too low, the next step is the ap- 
plication of a rass gauze brush having 
about twice the resistance of copper gauze. 
If that is not enough yet, some form of car- 
bon brush which has its resistance reduced, 
must be resorted to. Carbon itself cannot 
have its resistivity changed, but by mixing 
copper filings with the carbon powder, or by 


FIG. 7.—ARRANGEMENT OF COPPER AND 
COMBINATION BRUSHES FOR COL- 
LECTION OF LARGE CURRENTS. 


moulding layers of gauze in it, the conduc- 
tivity of the brush can be increased. In- 
stead of artificially decreasing the resistance 
of carbon, combination brushes consisting 
either in copper brushes provided with car- 
bon tips (Fig. 5), or in carbon brushes slid- 
ing upon the commutator and having,in turn, 
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copper brushes resting against themselves 
(Fig. 6), are sometimes employed, and in case 
of very heavy currents the addition to each 
set of copper brushes, of a combination 
brush set somewhat ahead of the copper 
brushes, as shown in Fig. 7, has been found 
to greatly improve the sparkless running of 
the machines. With the latter arrangement 
the tension on the combination brushes 
should exceed that on the copper brushes 
sufficiently to enable them to take their full 
share of the current as nearly as possible. 

2. Area of Brush Contact.—The circum- 
ferential thickness of the brushes—according 
to the current capacity of the machine, to 
the grouping of the armature coils, to the 
material and kind of the brush, and to the 


FIGS. 5 AND 6.—COMBINATION COPPER- 
CARBON BRUSHES. 


dimensions of the commutator—varies be- 
tween less than the width of one to that of 
three and even more commutator segments. 
In case the brush covers not more than the 
width of one bar, as in Fig. 8, only one ar- 
mature coil is short-circuited at any time, 
while in the case of brushes thicker than one 
bar plus two side-insulations (Fig. 9), two 
or even more coils, at times, are simultane- 
ously short-circuited under each set of 
brushes. 


The breadth of the brush contact surface . 


in the former case (Fig. 8) is equal to the 
thickness of the beveled end of the brush 
measured along the commutator circumfer- 
ence; in the latter case (Fig. 9) it is the 
breadth of the brush bevel diminished by 
the sum of the thicknesses of the commuta- 
tor insulations covered by the brush, and 
can be generally expressed by the formula: 

baa (XTi) eee (1) 


where 6= circumferential breadth of brush 
contact, in inches; 


n = number of commutator bars cov- 
ered by the thickness of one 
brush; | 


d= diameter of commutator, in in- 
ches; 


dX or 314X d = circumference of 
commutator in inches; 
N= number of commutator divisions; 


1 = thickness of commutator side in- 
sulation, in inches; 


{i = .020’’ to .030,’’ for dynamos up to 300 


volts E.M.F., 

= .030’’ to .04o0,’”_ * o from 400 to 
750 volts, 

= .0407/ to .060,”/ (Zi 66 tt 800 to 
3,000 volts. 


If the brush covers less than one bar, as 
in Fig. 8, n is a fraction; if the width of the 
brush is from one bar to one bar plus two 
side insulations, n = I1; when between two 
bars plus one insulation and two bars plus 
three insulations # = 2, etc.; and if the brush 
covers from one bar plus two insulations to 
two bars plus one insulation, or from two 
bars plus three insulations to three bars 
plus two insulations, etc., the value of 7 is a 
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mixed number consisting in an integer and 
a fraction. 

Having decided upon #, and having calcu- 
lated 6 from (1), the width of the con- 
tact area, and subsequently the width of the 
brushes, can be found for a given current 
output of the dynamo by providing contact 
area in proportion to the current intensity. . 
In order to keep the brushes at a moderate 
temperature, and the “‘ loss of commutation ”’ 
within practical limits, the current density 
of the brush contact should not exceed 150 
to 175 amperes per square inch in case of 
copper brushes (wire, leaf, plate and gauze), 
100 to 125 amperes for brass gauze brushes, 
and 30 to 40 amperes in case of carbon 
brushes. Or, specific contact area should be 
provided at the rate of from 5700 to 6700 
sq. mils per ampere for copper brushes, 
from 8000 to 10,000 sq. mils per ampere 
for brass gauze brushes, and from 25,000 to 
33,300 sq. mils per ampere for carbon 
brushes. 

Taking the lower of the above limits for 
the current densities, the effective length of 
the brush contact can be expressed by 


C 
ee a a ay ee ee a 2 
l= T50XPX6 a 
for copper brushes, by 
b= XPS PERA WO UR <A (3) 
for rass brushes, and by 
C 
l= 30X P < $ oa en a Se a ae Se (4) 


for carbon brushes, the symbols employed 
being : l l 

/= effective length of brush contact 

surface, in inches; 
=s X w ( s = number of brushes per 
set, w = width of brush); 

C= total current output of dynamo, 
in amperes; 

p = number of pairs of brush sets ( usu- 
ally either = 1, or is equal to 
the number of divisions of the 
armature current). 

For the purpose of securing a good con- 
tact, the length, /, should be subdivided into 


FIGS. 8 AND 9.—CIRCUMFERENTIAL 
BREADTH OF BRUSH CONTACT. 


a set of s individual brushes of a width, w, 
each, not exceeding 1% to 2 ins. In small 
machines where one such brush would suf- 
fice, it is good practice to employ two nar- 
row brushes, even down as low as % in. 
each, in order to facilitate their adjusting 
or exchanging while the machine is running. 

As an illustration of the use of the above 
formule. The brush contact surface for a 
500-volt 150-ampere generator is to be com- 
puted, the commutator of which has ninety 
divisions and a diameter of ten inches, and 
which has two sets of tangential carbon 
brushes, each covering the width of two 
commutator bars. In this case # = 2, d = 10, 
N = 90, and the thickness of the commuta- 
tor insulation, which for 500 volts should 
be taken between .030 and .o40, is assumed 
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t= .036. According to formula (1), therefore, 
the breadth of the contact area is 


b=2X ii ed —.036 | =.626 in.= $ in. 


As carbon brushes are used, formula (4) 
is to be employed for the length of the brush 
contact; for C= 150, p=1 and b= $%, we 
have 
I=. .1S° _=8 ins. 
30X1X % 

The machine in question thus requires a 
contact area of 5 in. X 8 ins. for each set of 
brushes, or, there should be four carbon 
brushes of 5 in. x 2 ins. cross section in 
each of the two brush sets. 

3. Energy-Loss in Collecting Armature 
Current. Determiaation ef Best Brush- 
Tension.—The brushes give rise to two losses 
of energy: An electrical energy loss, due to 
overcoming contact resistance, and a me- 
chanical loss, caused by friction. Both of 
these losses depend upon the pressure with 
which the brushes are resting upon the com- 
mutator, the electrical loss decreasing and 
the mechanical loss increasing with increas- 
ing brush-tension. There will, therefore, 
in every single case, be one certain pressure 
per unit area of brush contact, for which the 
sum of the brush losses will be a minimum. 
With the object of determining this critical 
pressure, E. V. Cox and H. W. Buck* have 
investigated the influence of the brush ten- 
sion upon the contact resistance and upon 
the friction, for various kinds of brushes. 
They found (1) that the friction increases in 
direct proportion with the tension; (2) that 
the contact resistance decreases at first very 
rapidly, but that beyond a certain point a 
great increase in pressure produces only a 
slight diminution of resistance; (3) that 
slightly oiling the contact surface, while not 
perceptibly increasing the electrical resist- 
ance, greatly diminishes the friction; (4) 
that for a copper brush the friction is greater 
and the contact resistance smaller than fora 
carbon brush of the same area at the same 
pressure; (5) that the friction of a radial car- 
bon brush is greater than that of a tangential 
carbon brush at the same pressure; (6) that 
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FIG. 10.—CONTACT RESISTANCE AND FRIC- 
TION PER SQ. IN. OF BRUSH SURFACE 
ON COPPER COMMUTATOR (DRY) AT 


PERIPHERAL VELOCITY OF 
1000 FT. PER MIN. 


for the same brush both the contact resist- 
ance and the friction are considerably less 


$t“ The Relation Between Pressure, Electrical Re- 
sistance and Friction in Brush Contact," Electrical 
Engineering Thesis, Columbia College, by E. V. Cox 
and H. W. Buck. £&lecir. Engineer, Vol. XX, p. 125 
(Aug. 7, 1895 ; Electr. World, Vol. XXVI, p. 217 (Aug. 
24, 1895). 
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on a cast iron cylinder than on a comimuta- 
tor, and (7) that for all kinds of brushes the 
friction is less at high than at low peripheral 
speeds, while the contact resistance is but 
slightly increased by raising the velocity. 

In Figs. 10 and 11 the averages of their re- 
sults are plotted, the former giving the 
curves of contact resistance and friction for 
an ordinary commutator without lubrication, 
and the latter the corresponding curves for 
the case that the commutator is replaced by 
a cast iron cylinder. 

From Fig. 10 the following table is derived 
which, in addition to the data obtained from 
the curves, also contains the brush friction 
for the case that the commutator is slightly 
oiled. 
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in which P, = Energy absorbed by brush 
friction in HP; 
J’ = specific tangential pull, due 
to friction,at velocity v, in 
pounds; see formula (5); 
2p A = total area of brush contact 
surfaces in square inches; 
v= peripheral velocity of com- 
mutator in feet per minute, 


= si X S (d= diameter of 
I 


j commutator, in inches, S 
i = speed of dynamo, in revo- 

' lutions per minute.) 
By calculating the amounts of P and P,» 
from (6) and (7), respectively, for various 
trial brush tensions, the best tension giving 


CONTACT RESISTANCE AND FRICTION FOR DIFFERENT BRUSH TENSIONS. 


Contact Resistance 
per square inch of Brush 
Surface, r, in ohm. 


pounds Tan- Tan- 


Radial | — 


per entialĵ| gential 
sq. inch. Conner. Carbon 
Leaf Brush. Copper 
Brush. Brush. 


The specific pull, f, due to brush friction, 
in columns 6 to 10 of the above table is 
given for a peripheral velocity of 1000 ft. per 
minute; at 2000 ft. per minute it is 74; at 
3000 ft. per minute, 3/; at 4000 ft. per min- 
ute, 3, and at 5000 ft. per minute only % of 
what it is, for that pressure, at 1000 ft. per 
minute; and for any commutator velocity, v, 
can be found from the formula: 


From the above table the electrical brush 
loss is calculated by dividing the contact re- 
sistance given for the particular brush ten- 
sion employed by the contact area and mul- 
tiplying the quotient by the number of sets 
of brushes and by the square of the current 
passing through each set, thus: 

Cy? r XC? 
P=2pX ZX ($) =X watts 
ea 
= .00268 X TX” horse wer, (6 
AXP power, (6) 


where P= energy absorbed by contact re- 
sistance of brushes, in HP; 

r = resistivity of brush contact, in 
ohm per square inch surface, 
from table; 

A = contact area of one set of brushes, 
in square inches; 4=6X/: 

p = number of pairs of brush sets; 

C = current output of dynamo. 


And the frictional loss is obtained by mul- 
tiplying the tangential pull, given for the 
respective brush tension, and corrected to 
the proper peripheral velocity according to 
formula (5), by the total brush contact area 
and by the peripheral velocity of the com- 
mutator, and dividing the product by 33,000 
the equivalent of one horse power in foot- 
pounds per minute: 

Pa f’XK wx AxXv 
33,000 


=6X1I X XAXpXKvHpP.... .(7) 


per square inch of contact Pen outa speed of 1,000 ft. 


Commiutator Dry. 


Carbon | Brush Tangential/Tangential| Radial 'Tangential/Tangential| Radial 
: Carbon Carbon Copper Carbon Carbon 


Tangential Pull due to Brush Friction 


per minute, 


, in pounds. 


Com mutator Oiled. 


Brush. Brush Brush. Brush. Brush. 


a minimum value of the total brush loss, 
P+ P, can readily be found. 

For the machine considered in the ex- 
ample above the best brush-tension is calcu- 
lated as follows: Supposing an armature 
speed of S= goor. p. m., the peripheral ve- 
locity of the commutator is found 


v= 12% 3:14 X goo = 2360 ft. p. m., 


and therefore from (5) 


® 


2 2360 — 1000 ] 
SS ee eee = 83 f. 
f l XS = 83 f. 
For p = I pair of brush sets, C = 150 amps. 
and 4 = % X 8=5 sq. ins.; we now coni- 
pute the total power absorbed by the brushes 
at various tensions. For a pressure of 1 Ib. 
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FIG. II.—CONTACT RESISTANCE AND FRIC- 
TION PER SQ. IN. OF BRUSH SURFACE 
ON CAST IRON CYLINDER. 


, p. sq. in. the table gives r= .24 ohm and 


J = .63 Ib. when the commutator is dry. 
Correcting the latter figure for the proper 
velocity we obtain / = .83 X .63 = .523 1b. 
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From formula (6), consequently, the power 
absorbed by contact resistance is found 


P=} .00268 +24 X 150? = 12.05 X .24 
are 


= 2.89 HP, 

while formula (7) gives the power consumed 
by friction: 

P, = 6 X 107% & 1523 X 5X 1 X 2360 

= .708 `< .§23 --- .37 HP. 

Hence the total power used for collecting 
the current, at a brush-tension of 1 Ib. per 
sq. in. of brush contact surface: 

P+ P, = 2.89 + .37 = 3.26 HP. 

For 2 lbs. per square inch, r = .12 and f= 
1.25, or /7 = .83 X 1.25 = 1.04; conse 
quently: 

P= 12.05 X .12 = 1.45 HP. 

P, = .708 X 1.04 = .74 HP. 

P+ P, = 1.45 + .74 = 2.19 HP. 
Similarly, for 234 lbs. per sqnare inch, r = 

10, f = 1.6, J) = 83 X 1.6 == 1.33: 

P= 12.05 X .10 = 1.205 HP. 

P, = .708 X 1.33 = .94 HP. 

P+ P, = 1.205 + .94 = 2.145 HP. 

And for 3 lbs. per square inch, r = .09, f= 
1.9, /7 = .83 X 1.9 = 1.58. 

P= 12.05 X .09 = 1.085 HP. 

P, = .708 X 1.58 = 1.12 HP. 

P+ P, = 1.085 + 1.12 = 2.205 HP. 

The total power here being observed to in- 

crease again, 234 lbs. per square inch, pro- 

ducing the minimum value of P+ P,, is 
found to be the best brush tension, if no lu- 
brication is used. 

If oil is to be applied to the commutator 
the values of f, ?,, and (P+ FP, ) are as fol, 
lows: 

For the tension of 2 lbs. per sq. in.: f= .4, 
P, =.708 X .83 X .4 = .588 X .4= .235 HP. 
P+ P, = 1.45 + .235 = 1.685 HP. 

For 3 lbs. per sq. in.: /= .6, 

P = .588 X .6= .35 HP. 

P+ P, = 1.085 + .35 = 1.435 HP. 

For 3.5 lbs. per sq. in.: r= .083, f/=.7, 

P = 12.05 X .083 = 1.00 HP. 

P, = .588 X .7 = 41 HP. 

P+ P,=1.00+ .41 = 1.41 HP. 

For 4 lbs. per sq. in.: r= .08, f= 8, 

P = 12.05 X .08 = .964 HP. 

P, = .588 X .8 = .47 HP. 

P+ P, = .964-+ .47 == 1.434 BP. 

In this case the minimum value of the 
total power indicates that 334 lbs. per sq. in. 


is the most economic brush tension. 
* * * * 


If the commutator brushes of dynamo- 
electric machines are designed in accordance 
with the above considerations, the heating 
of commutator and brushes will be small, 
the energy losses of commutation will be re- 
duced to a minimum, and the sparking will 
be limited—the fundamental conditions for 
excellence in performance. 


SPEED REGULATION OF INDUCTION 
MOTORS. e 


———— ee 


By P. M. HELDT. 


There is a great similarity in some re- 
spects between shunt wound, continuous 
current motors and alternating current in- 
duction motors, a fact that was first pointed 
out by Mr. Goerges.* This similarity is es- 
pecially apparent when the methods by 
which speed regulation is effected in the two 
types of motors are reconsidered. Before 


* Electrotechnische Zeitschrift 1894, p. 644. 
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commencing the discussion of speed regula- 
tion in induction motors we will therefore 
briefly resume the methods by which the 
speed of continuous current shunt motors is 
controlled. 

The two equations expressing the relation 
between the different factors entering into 
the operation of these last named motors 
may be stated as follows: 

a constant X back E. M. F. 


Speed == aA e a T Ne e 

pe armature flux X armature conductors 
and 

torque = a constant X armature flux X 


armature conductors X arma- 
ture current. 

From the first equation it will be seen that 
the speed may be varied by varying either 
the back E. M. F., the magnetic flux 
through the armature or the number of 
effective conductors on the armature. 

The back E. M. F. may be decreased by 
decreasing the applied E. M. F., say, by in- 
troducing a resistance into the circuit if the 
voltage of the supply circuits is constant. 
This would involve a reduction of the mag- 
netic flux through the armature, but under 
ordinary conditions the decrease in the back 
E. M. F. will be proportionally greater than 
the decrease in the armature flux, and conse- 


FIG. 


I.—THREE-PHASED MOTOR WITH 
INDUCTIVE RESISTANCE. 


quently the speed will drop. Ifthe resist- 
ance, instead of being placed in the main cir- 
cuit, is connected in series with the armature 
circuit, the reduction of speed will be more 
pronounced, as the field retains its original 
strength. This method is also better from 
an economic standpoint, and is the one most 
frequently met with in practice. 

The number of effective armature conduc- 
tors may be decreased by shifting the 
brushes from the neutral point. It isa well 
known fact that a motor runs slowest when 
the brushes are set on the neutral points and 
either a lag or lead given them will increase 
the speed, especially at hght loads. 

This principle is, however, of not much 
practical value, as the angle through which 
the brushes may be shifted is generally 
quite limited by sparking. 

The armature may be wound with two or 
more windings, each having its own commu- 
tator, which can be connected in series or in 
parallel. Taking as an example a motor 
with two windings we find that the number 
of effective armature conductors is equal to 
the number of conductors of one winding 
when the two are connected in parallel, and 
equal to twice that number when they are 
connected in series. With the latter con- 
nection the motor will, therefore, run at 
only cne half the speed as with the former. 
For intermediate speeds a resistance can be 
connected in series with the armature as ex- 
plained above. 
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When the load on the motor is light, the 
speed may also be increased by placing a re- 
sistance in the field coil or a magnetic shunt 
across the armature, both means of reducing 
the armature flux. 

The two equations given above may be so 
modified as to express the conditions of 
operations of an induction motor. First it 
should be considered that the speed to which 
the E. M. F. induced in the armature wind- 
ings is proportional is not necessarily the 
absolute speed of the motor, but the relative 
speed between armature conductors and the 
magnetic field. In an induction motor the 
magnetic field rotate; with a constant veloc- 
ity. The velocity of the armature is always 
less than that of the magnetic field, and the 
difference between the two is called the slip. 
It is this quantity that has to be substituted 
for speed in the first of the above equations. 
It isalso advantagous to express the induced 
E. M. F. of the armature (the equivalent of 
the back E. M. F. of the shunt motor) as the 
product of its two factors—armature current 


and armature impedance. We may then 
write 

a constant X armature current X ar- 
Slip = mature impedance 


armature conductors X armature flux 

On account of magnetic leakage the mag- 
netic fields of the stationary and rotatory 
parts of the magnetic circuit are out of 
phase. The phase difference will increase 
somewhat with load, as the magnetic leakage 
increases with armature reaction.” In well 
designed motors working inside the limit of 
their rated capacity, the leakage does not 
vary much. We may therefore include the 
factor representing the effect of the leakage 
on the torque in the constant of the equa- 


FIG. 2.—THREE-PHASED MOTOR WITH NON- 
INDUCTIVE RESISTANCE. 


tion. The value of the torque is then the 

same as before 

Torque = a constant X armature conductors 
X armature flux X armature cur- 
rent. 

The E. M. F. applied at the terminals of 
the motor may be decreased by inserting 
either an inductive or a non-inductive resist- 
ance into the circuit. A highly inductive 
resistance would, of course, be preferable as 
it consumes but very little energy. The 
immediate results of reducing the primary 
applied E. M. F. would be a reduction of 
primary current and consequently fewer 
lines of force through the magnetic circuit. 

Fig. 1 shows diagrammatically the winding 
of a 6-pole three-phased motor. The pri- 
mary is a drum winding and is connected in 
triangle. The motor is connected toa reguła- 
tor consisting of an inductive resistance. 

Fig. 2 shows diagrammatically a 4-pole 
three-phased motor with rotating primary 
winding: a non-inductive resistance is in- 
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serted in the secondary for regulation. Both 
primary and secondary are ring-wound and 
the primary has a star connection. 

Referring now to the expression for torque, 
we see that the armature current has to be 
increased in order to keep up the torque. 
But the equation of the armature current 
says that the greater the armature current 
the greater the slip, and a greater slip means 
a lower speed. Thus reducing the applied 
E. M. F. reduces the speed the same asin a 
continuous current motor. The alternating 
current motor has one advantage in that the 
reduction of potential may be effected with 
less: expenditure of energy by using, as 
pointed out above, a highly inductive resist- 
ance. On the other hand, the increase in 
the armature loss is the same as in the con- 
tinuous current motor. 

The second method of reducing the speed 


FIG. 3-—THREE-PHASED MOTOR WITH 
 POLE-CHANGING SWITCH. 


of the shunt motor was to place a resistance 
in the armature circuit. The same may be 
done with an induction motor. An increase 
of impedance in the armature circuit with 
the same current requires a greater induced 
E. M. F. and consequently a greater slip. 

The armature may be wound with a 
double winding which can be connected in 
different ways, and a special form of such a 
double winding was described and illustrated 
in a former articlet by the author. 

A more efficient method and one especially 
suited where large variations of speed are 
required consists in connecting the primary 
winding to a regulating switch in such a 
manner that the number of poles may be 
reduced to one-half or any other fraction of 
the original number by operating the switch. 

The angular speed of the rotating mag- 
netic field is reduced in the same ratio as 
the number of poles which is also approxi- 
mately the case with the speed of the motor. 
At the same time, the magnetic density in 
armature and field increases, and the output 
at the same percentage of slip may remain 
the same in spite of the reduction of speed. 
The accompanying table, published by Dr. 
Behn Eschenberg in Elects otechnische Zeil- 
schrift (1896, p. 12), gives some experi- 
mental data of a three horse-power, three- 
phase Oerlikon induction motor. The field 
is wound with twelve coils which, by means 
of a regulating switch, can be so connected 
as to form either eight, four or two poles. 
It is stated that particular attention was 
paid to keeping the capacity and “ no-load 
current’’ constant. 

The following table shows that by means of 
this method the speed may be reduced to 
one-fourth the highest value without much 
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sacrifice in output and efficiency. Where a 
gradual reduction of speed is required it has 
to be supplemented, however, by some other 
other method. 


No. of | Rev. Torque | Effici- lout ut |Curr’nt 
Poles. | per min. | in 1b. ft. jency injin H. i 
per ct. 


1700 
2650 
o 


1350 

1320 
o 

675 

640 
o 
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Fig. 3, showsa three-phased motor wind- 
ing with ‘‘cage’’ armature winding. With 
the regulator set as shown the motor has two 
poles. With the regulator in the other po- 
sition it has four poles. 

The angular velocity of the magnetic field 
depends on the number of poles and the fre- 
quency of the primary current. The same 
result obtained above by varying the number 
of poles may therefore be arrived at by vary- 
ing the frequency of the primary current. 
A device for changing the frequency of an 
alternating current has been invented by 
Prof. Rowland. It is called a frequency 
transformer. It consists of a phase trans- 
former combined with a commutating de- 
vice, the commutator or the brushes bearing 
thereon revolve, and by changing the speed 
of revolution the frequency of an alternating 
current may be changed to any value from 
zero up. Such a device when practically 
perfected should prove of great value in the 
economic regulation of induction motors, 

The last method of regulation we will 
mention consists in varying the strength of 
the magnetic field. This may be done by 
providing the motor with a multiple primary 
winding, the parts of which can be con- 
nected in series or parallel. When con- 
nected in parallel large temporary overloads 

~j- "e 


Source of current. 


FIG. I.—CONNECTIONS TO LINE. 


may be put on the motor. Ina continuous 
current motor the magnetic density is gener- 
ally not far below the point of saturation and 
can therefore not be increased to any great 
extent. In an induction motor the magnetic 
density is generally kept much lower in 
order to keep down eddy current and hys- 
teresis losses. 

An advantage of induction motors over 
shunt motors in regard to overload carrying 


fVou. Vitt. No. $. 


may be pointed out here. Ina shunt motor 
the extra heating due to an overload is all 
confined to the armature winding, while in 
an induction motor when the last named 
method of regulation (or the one of chang- 
ing the number of poles) is employed, the 
extra heating of an overload is distributed 
over the primary winding, the whole of the 
magnetic circuit and possibly also the sec- 
ondary circuit. Consequently it takes a 
great deal of extra heating before any part 
of the motor reaches a dangerous tempera- 


ture. 
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THE WESTON VOLTMETER USED AS AN 
INSTRUMENT FOR MEASURING HIGH 
RESISTANCES. 


BY PROF. A. F. MCKISSICK. 


For measuring high resistances, the Wes- 
ton direct-reading voltmeter can be used 
sometimes to great advantage when the 
proper current is convenient. The method 
is simple and accurate. The following dia- 
grams will show the connections used: 

Fig. 1 shows the voltmeter connected so as 
to give the potential difference of the 
supply. Fig. 2 shows the voltmeter con- 
nected in series with the high resistance and 
these two in multiple with the same supply. 
If these readings are taken very close to- 
gether and the voltage of the supply is 
practically constant, we can assume that the 
potential difference of the supply terminals 
is in both cases the same. To take a quick 
reading, connect as in Fig. 2; first, take that 
reading, then quickly join 4 and B and the 
voltmeter will then indicate the potential of 
the supply. 

Let 

V = potential of supply. 

R = resistance of voltmeter. 

x = unknown resistance. 

V’ = reading of voltmeter in Fig. 2. 

C =current flowing in Fig. 2. 


Source of curren!’ A 


High resistance 


FIG. 2.—CONNECTIONS TO RESISTANCE 
& AND LINE. 

Then from Ohm’s law we know that the 
drop in potential in any conductor is equal 
to the current flowing in that conductor, 
multiplied by its resistance; so we have 

V=C(R+4+2). 

V= CR. 

From which we obtain 

_p V—-V 
Ane. : 
This gives the unknown resistance in 
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terms of the resistance of the voltmeter 
and the two voltmeter readings. To take a 
practical case, we will assume a voltage, V, 
of 115 volts, a Weston 150-volt voltmeter of 
18,000 ohms resistance. In Fig. 2 let the 
voltmeter read thirty-five volts ( V’). 

Then X = 18,000 3 = 41,000 ohms. 
Where a 500-volt current is convenient, a 
600-volt voltmeter will have to be used. 

For measuring the insulation resistance of 
a dynamo or motor in operation, first con- 


FIG. 3.—TYPE OF VOLTMETER. 


nect the voltmeter terminals to the machine 
terminals, thus giving V; then with one 
terminal of voltmeter connected to one ter- 
minal of machine, connect the other volt- 
meter terminal to frame of machine. This 
reading is V’, then calculate x from for- 
mula, which is the insulation resistance. 

For measuring the insulation resistance 
from the ground of wiring circuits ina build- 
ing, turn current on wires and measure volt- 
age of mains. Then with one voltmeter 
terminal connected to one main, connect 
other voltmeter terminal to a gas or water 
pipe which gives V’. Then calculate x 
from formula which gives the resistance of 
the wiring from the ground. Where an al- 
ternating current is the only current con- 
venient, this method can be used, provided 
the resistance to be measured is non-in- 
ductive (that is, introducing no ‘‘ choking ” 
effect through possessing inductance) and 
the voltmeter is an alternating current volt- 
meter whose resistance is known. In case 
of the Weston instruments, the resistance 
is carefully measured and marked on the 
cover of the box containing the instrument. 

ea ge 


ELECTROMAGNETIC DEFLECTION OF 
RIFLE BALLS. 


BY W. STUART-SMITH. 


Recent reports from Europe give accounts 
of some experiments by Swiss military au- 
thorities to determine the deviation of rifle 
balls when the line of fire is parallel to a 
circuit carrying a heavy electrical current. 
With a view to tracing the effect, trajectory 
screens were placed at intervals of ten yards 
along the line of fire, and it was found that 
in a distance of 260 yds. a rifle bullet took a 

jateral deviation of twenty-four yards. In 
experimenting with artillery over a range of 
3000 yds. the deviation was 14 degs. The 
current was conducted parallel to the range 
and at a distance of forty yards from it. 

The explanation of the phenomenon ad- 
vanced was that the deviation is simply the 
effect of the action of the maynetic field on 
the iron. I would suggest that the phenom- 
enon is really much more complicated, par- 
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ticularly if the field is an alternating one. 
The shot, in its flight through the air, is 
rotating at a terrific rate about a longitudi- 
nal axis, and in a field of variable intensity. 
Heavy eddy currents will be set up and there 
will be a tendency not only to move towards 
the circuit, but to slow down the rate of rota- 
tion in accordance with Lenz’ law. If the rate 
of rotation is appreciably lowered the gyro- 
scopic action tending to keep the ball in 
the same plane will be diminished with the 
result that it will be more and more easily de- 
flected by a given attractive force. More- 
over, the nearer the ball approaches the 
wire the greater will be the variation of the 
field on opposite sides of the shot and the 
more powerful the action. This probably 
accounts for the fact that the observed de- 
flections were not proportional to the times 
of flight. If this explanation is correct there 
should be some deflection in the case of lead 
bullets owing to the reaction between the 
field and the eddy currents. 
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THE METRIC SYSTEM. 


Of the great manufacturing and commer- 
cial countries of the world, the United States 
and Great Britain stand alone in non-accept- 
ance of the metric system of weights and 
measures. There has, however, been a con- 
stantly growing opinion in favor of the 
adoption of the system, as shown by the re- 
port of an English Parliamentary Commis- 
sion recommending that its use be made 
compulsory after a comparatively near date, 
and the narrow escape from passage at the 
past session of Congress of a bill having 
similar provisions. 

Leaving aside consideration of the relative 
merits of the English and metric systems, 
the probable adoption in this conntry of 
the latter during the present generation, and 
the fact that all electrical units are based 
upon it, should be sufficient inducement to 
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because it was supposed to represent one- 
forty millionth of a meridian or great circle 
of the earth, but which, through errors made 
in the surveys, it does not. The metre, there- 
fore, is no less an empirical standard than the 
foot, the advantage of the metric system 
lying entirely in its graduation by tenths and 
the manner in which different classes of 
measurements are connected. 

The meter is 29.37 ins. in length or 
3% ins. greater than a yard (less about 
yd in.), and replaces the foot and the yard 
in English measure. The only multiple 
of the metre used is the kilometre or 1000 
metres, ilo meaning thousand. The kilo- 
metre replaces the English mile in measure- 
ment of distance, and is equivalent to 3280 ft. 
Io ins. (3280.81 ft.) or 20 ft. less than % of 
an English mile. The subdivisions of the 
metre in use are the centimetre (centi = tenth) 
and millimetre »( illi = thousandth). The 
former replaces the English inch, and is 
short of % in. by about 4 in., being .3937 
in. in length. Conversely, the inch is about 
2% centimetres (2.54 centimetres). The 
millimetre corresponds in use to the sixteenth 
or thirty-secondth inch; its value (.03937 in. ) 
is very nearly yy in. or yẹ in. The milli- 
metre is equal to about 39% mils (39.37 
mils). The decimetre (deci = tenth) is not 
used. Metre, kilometre, centimetre and 
millimetre are usually abbreviated m, km, 
cm and mm, respectively. Accompanying is 
a reproduction of two scales, one in inches 
and the other in centimetres, from which it 
will be seen that 4 centimetres correspond 
very nearly to 2% inches. 

The measures of area in general use are 
the square metre and square centimetre, the 
former replacing the square foot and the 
latter the square inch. The square metre is 
very nearly 10% sq. ft. (10.76) and the 
square centimetre between 4% sq. in. and $ 
sq. in. (.155 sq. in.) Conversely, the square 
foot is between J, and ¿jy of a square metre, or 
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those who desire to be rather ahead than be- 
hind the times, to obtain a working knowl- 
edge of the same. The metric tables in arthi- 
metics taught by rote to children at an age 
when they cannot seize the significance of 
the strange names contained therein, have 
doubtless created with many a prejudice in 
after life against the system, but its simpli- 
city is such as to make it but a matter of a 
few hours for a more mature mind to mas- 
ter. 

The basis of the system, the metre, is the 
distance at a given temperature, between two 
marks on a platinum bar kept at Paris. Al- 
though of no practical bearing, it may be 
added that this particular length was adopted 


equal to 929 sq. cm., nearly; the square 
inch is equal to about 6% sq. cm. (6.45 sq. 
cm.). The square millimetre, which is rarely 
used, is about 11% thousandth sq. in.; or a 
square inch contains 645 mm?, nearly. The 
square metre, square centimetre and square 
millimetre are usually abbreviated m?, cm?, 
mm?. 

In measures of volume, the cubic metre 
and cubic centimetre are used; the cubic deci- 
metre is of interest only because it fixes 
the value of the litre. which is a measure that 
will exactly contain one cubic decimetre of 
liquid. The litre contains slightly more 
than the American quart, 18 litres being 
equal to 19 qts. nearly. The cubic metre is 
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about 35% cu. ft. (35.31 cu. ft.). The cubic 
centimetre is about ,; cu. in. (.061), or a 
cubic inch is 162 cubic centimetres. Cubic 
metre and cubic centimetre are usually ab- 
breviated m3, cm3 

In measures of weight, the gramme is the 
unit, being the weight of a cubic centimetre 
of water at a given temperature. The mul- 
tiple, kilogramme, replaces the pound, and 
the milligramme is used in fine chemical 
measurements. Referring to avoirdupois 
weight, a gramme is equal to ,), oz., nearly, 
(15.432 grs.), and the kilogramme to 2} 
lbs., nearly, (2.205 lbs.). The milligramme 
is about gy gr. (.01543 gr.). The kilo- 
gramme is usually abbreviated kgm. 

For ordinary practical purposes a knowl- 
edge of the English and metric equivalents 
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of the following will suffice, the former be- 
ing given in the nearest convenient quantity. 


Kilometre = 53 mile. Mile — 1.609 kilometres. 
Metre = 3 ft. 3% ins. Foot = .3048 metre. 
Centimetre = 3 in. (.4in.) Inch = 2.54 centimetres. 
11 metres = 12 yds. 

Millimetre = yy in. (39% 


mils. ) 
Litre =1 qt. 
Gramme = }, oz, (15% 


1 mil = .0254 millimetre. 
Quart = litre. 


Ounce = 28.35 grammes. 

Pound = 453.6 gramunes, 

Square foot= 929 square 
centimetres. 

Square inch 6.45 square 
centimetres, 

Cubie foot = .028 cubic 
metre. 

Cubic inch = 16.39 cubic 
centimetres. 


Kilogramme = y Ibs. 
Square metre = 10} sq. ft. 


Square centimetre = 4 
sq. in. 
Cubic metre = 1% cu. yd. 


eoe centimetre = ,§ cu. 
n. 
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AN OFFICE BUILDING ELECTRICAL 
INSTALLATION. 


An electrical plant installed some time ago 
by Mr. B. J. Arnold in the Chicago Board of 
Trade Building is probably the most com- 
plete in all of its details of any plant of its 
kind in the world, and is specially interest- 
ing onaccount of the storage battery equip- 
ment and the manner of connection of the 
steam and electrical generating units. The 
wiring plan, reproduced herewith and de- 
scribed in detail below, will also be found of 
interest to electricians. 

The installation consists of five 66 in. X 
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DIAGRAM OF CIRCUITS OF OFFICE BUILDING. 


16 ft. horizontal tubular boilers, designed 
to carry 125 lbs. pressure per square inch; 
two 150-HP horizontal compound condens- 
ing engines running at 575 r. p. m. each 
directly connected to a 75-KW direct current 
generator, under a special system which per- 
mits either or both generators to be driven 
from either engine; four horizontal 30-HP 
Sprague electric elevators; a storage battery 
of 1000 ampere-hours capacity; six IO-HP 
electric motors, five of which operate vent- 
ilating fans, and one the machinery in the 
machine shop. On the lighting circuits are 
50 2000-CP constant potential arc lamps and 
600 16-CP incandescent lamps. 


“COMMEE TIONG VO ENOAELL 
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(Vor. VIII. No. 5. 
The two engines and generators are equal 
to the maximum capacity of the plant, and 
the storage battery to one-third its capacity. 
When the battery is operating, one engine 
unit in conjunction with it handles the 
plant economically and satisfactory, leaving 
one engine unit in reserve. In case the bat- 
tery is out of service, both units can be op- 
erated until the battery is ready for service 
again, and during the light load period the 
battery auxiliary takes care of the entire 
service of the building, without the use of 
either engine or generator units. The sys- 
tem, when used without the battery auxil- 
iary, is provided with magnetic clutches, 
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which permit the generators to be brought 
up to speed as motors, and thrown in con- 
nection with the engines without stopping 
either engine. This makes it possible to 
connect either generator with either engine 
without shutting down the plant in any parta 

From 11 P. M. until 7 A. M., the entire 
load of the płant is operated by the batteries 
alone. With this’ arrangement but two 
shifts of labor are required, one operating 
from 7 A. M. until 3 P. M., and the other 
from 3 P. M. until 11 P. M. From II P. M. 
until morning during the winter, the watch- 
man acts as fireman for the boilers to main- 
tain the steam heat in the building. 
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The shunt and series field windings of the 
generators are so connected as to enable 
either the elevators to be run without the 
batteries, or to throw the generators and 
batteries in parallel on the elevator load. 
In the former case the compound winding 
is used, and in the latter only the shunt 
winding, the series coil being then cut out. 

Under normal conditions the elevators are 
run with the battery and generators in par- 
allel. By means of a hand regulator, the 
operator cuts in a sufficient number of cells 
in parallel with the generator, so that the 
cells are constantly charging during the 
time of operation of the elevators, except at 
temporary moments of excessive demand for 
current from elevator overloads. When this 
pull from the elevator occurs, the batteries 
respond and take the surplus load from the 
generator. With this arrangement, about 
fifty of the cells are kept constantly charged, 
and in parallel with the elevators. In case 
the amount of current entering the cells is 
excessive between the intervals of heavy 
load on the elevators, the hand regulator is 
adjusted so as to cut in one or more cells 
until the current becomes reduced to the 
proper amount for the batteries; and, on the 
other hand, if the amount entering the cells 
is not enough to keep them properly charged, 
the hand regulator is adjusted so as to cut 
out a number of cells until the proper 
amount of current is reached. In the mean- 
time, if the fifteen end cells require charg- 
ing, they are charged by means of a Bernard 
booster or motor-generator. 

The accompanying illustration represents 
diagrammatically the wiring plan of the build- 
ing. The system employed was adopted for 
the reason that the building has two main 
flues or passageways extending from the 
basemient to the attic, in opposite portions 
of the building and near its centers, thus 
being available for carrying the main risers. 
It was decided to place in these passageways 
vertical risers of sufficient carrying capacity 
to carry the total amount of energy required 
for the nine floors, and to join the floor 
leads or secondary mains to each of these 
risers at its ends. With this arrangement 
it is possible to feed the secondary mains at 
two independent points, thus equalizing the 
pressure to better advantage and making the 
plant more reliable in operation. 

From the center of these vertical risers, or 
at about the fifth floor, the main leads drop 
down each shaft, thence extend horizontally 
on the ceiling of the basement to the switch- 
board. Each of the mains leading to the 
center of distribution in each shaft are of 
sufficient capacity to carry the total load of 
the building, exclusive of the basement; con- 
sequently, if a fuse blows on either one of 
the mains, or if by any accident any one of 
the mains should become broken or opened, 
the other main will carry the necessary cur- 
rent and keep the lights operating in the 
building. This precaution was taken owing 
to the fact that business matters of great im- 
portance are transacted in the building, and 
the loss of a few minutes at certain times 
might be disastrous. 

The basement circuit is independent of the 
above described mains, and consists of posi- 
tive and negative leads, surrounding the en- 
tire basement of the building, from which 
are tapped the arc and incandescent lights 
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used in the basement. The motor circuits 
are clearly indicated in the diagram, and are 
independent of the lighting circuits, and so 
planned that the starting rheostats of the 
motors are connected on the switchboard 
under the control of the engineer, thus mak- 
ing it possible for the engineer to start or 
stop any motor in the building without leav- 
ing the switchboard. The elevator circuits 
are also independent of the lighting and 
motor circuits, and itis possible to throw the 
current on or off any elevator at the switch- 
board. The batteries are located in a room 
adjoining the main engine room, and are con- 
nected with the switchboard as shown on 
the diagram. 

The losses in wiring circuits of the build- 
ing were computed as follows: Between gen- 
erator and switchbcard, one-half of one per 
cent.; between switchboard and center of 
distribution, 2% per cent.; from center of 
distribution to secondary mains, one per 
cent.; between secondary mains and lights, 
one per cent.—making the tctal loss between 
generator terminals and lights five per cent. 

a a 


THE PILSEN ARC LAMP. 


How simple it is possible to make the 
mechanism of an arc lamp is shown by the 
accompanying illustrations, representing the 
Pilsen lamp, which has been in successful 
commercial use in Europe for twelve years 
or more. 

The mechanism consists simply of two soft 
iron conical cores, 4 and Z, suspended by a 
flexible cord from a pulley, X, and carrying 
the carbons, C and D. The combination 
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thus constitutes a balance, and regulation is 
secured by means of the conical cores, one 
of which plays in a series solenoid and the 
other in a shunt solenoid. The arc itself is 
maintained in a fixed position by using an 
upper carbon of twice the sectional area of 
the lower carbon; that is, if the lower carbon 
is 7% in. in diameter, the upper is $% in. As 
will be seen from Fig. 1, the conical cores 
are encased in cylindrical tubes. The oper- 
ation of the lamp is as follows: 

When the lamp is cut in, the two carbons 
being in contact, the greater part of cur- 
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rent passes through the series solenoid, S, 
which attracts its core, 4, thus separating 
the carbons and striking the arc. If, from 
any cause whatever, the two carbons are not 
in contact at the moment when the lamp is 
cut in, all of the current will pass through 
the shunt coil, S!, the core, B, will then be 
attracted, the core, A, lowered, and contact 
thus made. 

The windings of the solenoids are so cal- 
culated that the attraction exerted on the 
respective cores is equal when the current is 
normal, and corresponding to a normal 
length of arc. Under these conditions the 
two cores are balanced as long as the arc re- 
mains normal. 

When, through the carbons becoming 
used, the arc lengthens, its resistance in- 
creases and, of course, the current in the 
series solenoid, S, decreases; consequently, 
the core, 4, being less attracted, tends to 
descend. At the same time, the current 
passing through the shunt solenoid, S', in- 
creases in strength on account of the in- 
creased resistance of the arc, and the core, 
B, is attracted—the result being that the 
carbons are approached and the arc again 
a normal length. 


—— ep 


Dynamo-Field Safety Device. 


The accompanying illustration represents 
a device for preventing damage to dynamo 
field coils tLrough the high potential which 
is induced in such coils if the feld circuit is 
suddenly interrupted. As shown, the de- 
vice is connected as a shunt to the field cir- 
cuit, and consists of two carbon disks 
mounted side by side on a slate base. The 
disks are pressed toward each other by 
springs, and between them is interposed a 
strip of mica of suitably adjusted thickness 
which, not being as wide as the faces of the 
disks, leaves a small air space between them. 
A safety fuse is provided which, in case of a 
permanent circuit being established between 
the disks, will blow and thus prevent a short 
circuiting. The disks can be turned on their 
axes so as to present towards each other fresh 
portions of their peripheries, which are 
cleaned by metal scrapers that bear against 
them. If a field circuit of a dynamo pro- 
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vided with this device is broken, accidentally 
or otherwise, the difference of potential 
created at its terminals will rise to an 
amount sufficient to produce a spark be- 
tween the two disks, and this spark will last 
until the field has gradually died down. 
When the field circuit of large multipolar 
machines or alternators is broken, it is stated 
that the spark is seen to last as long as 
twenty to thirty seconds. The above descrip- 
tion of the device, which is the invention of 
Messrs. W. C. Johnson and L. J. Steel, is 
extracted from the London Elect ician. 
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Mathematics and Theory.—In a recent article 
Prof. Oliver Heaviside says that in only one 
respect is the subject of ‘‘ Dispersion ’’ easy 
—it is perfectly easy to make a mathemati- 
cal theory of it or twenty theories in an 
hour, if desired. But it is not easy, he adds, 
to make a mathematical theory which shall 
agree with the facts, which are rather com- 
plicated, and vary from one hody to another; 
and, as for physical theory, the case is worse 
still. 


A Compliment Resented.—Our English con- 
temporary, Lightining, quotes as follows: 
“It is useless to deny that America has 
much to learn from Europe in the matter of 
the business management of municipalities” 
and then proceeds in this strain: ‘‘ Mayors, 
corporations, and municipal magnates gen- 
erally! the above words are taken from the 
latest issue of one of the most important rep- 
resentatives of American technical journal- 
ism, which goes on to say that even mayors 
—mayors, mind you!—are selected from 
among those ‘who have not only proven 
themselves good men of business, but who 
are fitted by special experience for the posi- 
tion they occupy.’ Worshipfuls of the fur- 
trimmed gown and golden chain! think of 
this encomium, and try to live uptoit. We 
know not whether the rash prophet of truth 
(?) who penned those fateful lines still sur- 
vives, or whether ere this the fell swoop of 
American spread-eagleism has fallen upon 
him and rended him with beak and claw as 
a truckler to the effete monarchies of the old 
world.” 


Electrolytic Corrosion.—Prof. Wilbur M. 
Stine in a letter printed in a report of the 
Electrical Bureau of the National Board of 
Fire Underwriters, describes the destructive 
effects of electrolytic corrosion on the piping 
of a plant installed for supplying light and 
power to a large building. Special pains 
had been taken to make the engine room or- 
namental, and a portion of the drip piping 
from the engine and heating apparatus was 
buried under the marble floor of the engine 
_ room. The main leads from the switchboard 
were run in a wooden conduit under a 
cemented floor to a fuse closet. Soon after 
operating the plant, these buried leads de- 
veloped a leak, which amounted to two 
amperes by measurement. The dynamos 
were thoroughly insulated by dry wooden 
bases resting on the marble floor, but the 
underlying sand is generally water-soaked, 
and in a short time the buried steam piping 
grew so defective that it was taken up. 
Nearly all the pipes showed evidences of ex- 
tensive electrolytic decay, and in some cases 
large holes were eaten entirely through the 
walls of the pipes. 


The Annual Electrical Clambake.—First insti- 
tuted, eighteen years ago, when the tele- 
phone had not yet entered the commercial 
stage, and arc lighting was yet scarcely 
more than an experiment; at whose earlier 
gathering, doubtless, the knowing winked 
at the inside information imparted concern- 
ing a singular lamp which was said to solve 
the problem of the sub-division of the elec- 
tric light, or later smiled at predictions 
made as to the feasibility of electric traction 
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or the long distance transmission of power— 
the annual Rhode Island clambake of the 
American Electrical Works has witnessed 
the growth of the electrical industry from 
its veriest beginnings, and has become a 
cherished event in the electrical calendar. 
The eighteenth gathering, at the Ponham 
Club, near Providence, on Aug. 22, was at- 
tended by several hundred guests, and was 
a success in every respect. Among those 
who responded to toasts were Messrs. Tlios. 
D. Lockwood. Herbert B. Cram, Capt. Wm. 
Brophy, Robt. F. Ross and Col. J. C. Wy- 
man. At the close of the festivities, the 
presiding genius, Mr. Eugene Phillips, was, 
for the eighteenth time, voted an incompar- 
able host. 


Electricity in Coal Minlng.—In a paper en- 
titled ‘‘ Economies in Coal Mining,” read 
before a joint meeting at Pittsburgh of the 
Western Pennsylvania Central Mining In- 
stitute and the Ohio Institute of Mining 
Engineers, Mr. Cyrus Robinson stated that in 
his experience he had found that wherever 
electricity has been adopted as a means for 
the transmission of power in a coal mine, its 
use has been gradually extended to all parts 
where power is required, every addition in- 
creasing the economy by decreasing the 
fixed charges on the balance of the opera- 
tions. In plants where an electric system 
of haulage has been installed, Mr. Robinson 
has noticed that by degrees the system has 
been extended for the purpose of running 
the fans, pumps, screens and coal cutting 
machines from the same plant. With the 
electric system in general use for haulage, 
coal cutting, pumping, etc., the greatest total 
economy is effected, and where the mine is 
free from gas and the roof ordinarily good, it 
does not require a very extended investiga- 
tion to prove the advantage and economy of 
of electricity over all other systems of power 
transmission for the coal mine. A table was 
given of the cost of wire and pipe installed, 
based on the current market price of mate- 
rial and labor, showing very conclusively 
the superiority and economy of the electric 
system of transmission as compared with 
the pneumatic. 


Li Hang Chang and Electricity —The latter 
part of the visit of the great Chinese viceroy 
to the United States was enlivened by two 
electrical episodes. What actually hap- 
pened at the Niagara power house, the scene 
of one, it is difficult to exactly determine 
from the newspaper accounts. According 
to the press dispatches, the inquisitive states- 
man touched one of the great generators 
with a cane, which resulted in a brilliant 
pyrotechnic display and a shock that 
wrenched the cane from the hand of the 
startled viceroy—though why this should 
have followed from touching a field magnet 
witli a non-conductor is not clear. The ac- 
counts of the other episode, which are inex- 
plicably involved, relate to the relations of 
Col. Gouraad, of telephone fame, with the 
viceroy. According to one report, the gal- 
lant colonel, profusely decorated with medals, 
upon entering the presence of Li Hung 
Chang dropped upon his knees and kissed 
the hand of the astonished oriental, who, the 
story goes, was far from relishing this 
knightly courtesy. Another tale relates that 
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Col. Gouraad took offense at a remark made 
by Li Hung Chang, and after giving the 
Chinaman ‘ʻa piece of his mind,” retired from 
his presence in dignified order. Still an- 
other story, for which the colonel himself is 
authority, tells of hours of conference be- 
tween the two great men, which resulted in 
Li Hung Chang engaging the remaining 
years of Col. Gouraad’s life in the interest 
of a project, the details of which have not 
been confided to the public. 


Franklin as a Practical Man.—The character- 
istic of Benjamin Franklin’s genius which 
stands out in greatest relief, and to which his 
fame is mostly due, is its intensely practical 
nature. As soon as he took up the study of 
electricity its practical application was a 
subject ever present in his mind, and the 
year before he established the principles of 
the lightning rod and thus made the first 
practical application of electrical knowl- 
edge, he expressed chagrin that ‘‘ We have 
been hitherto able to produce nothing in 
this way of use to mankind.” Some time 
before this the news had reached America of 
Watson’s experiment of firing alcohol on 
one bank of the Thames by means of an elec- 
trical discharge from a Leyden jar on the 
other bank, and Franklin proposed to re- 
peat the experiment in the following char- 
acteristic practical manner: ‘‘It is proposed 
to put an end to [experiments] for this 
season, somewhat humorously, in a party on 
the banks of the Schuylkill. Spirits, at the 
same time, are to be fired by a spark sent 
from side to side through the river, without 
any other conductor than the water. A 
turkey isto be killed for our dinner by the 
electrical shock, and roasted by the elec- 
trical jack, before a fire kindled by the elec- 
trical bottle; when the healths of all-famous 
electricians in England, Holland, France and 
Germany are to be drunk in electrified 
bumpers, under the discharge of guns from 
the electrical battery.” 


Are Electrical Manufacturers Illiberal in Spirit? 
—In the American Machinist, Mr. R. D. 
Williams endorses a statement made that 
electrical engineers and manufacturers are 
“among the most narrow minded men in 
the world.” The charge is based upon an 
alleged spirit of illiberality on the part of 
those connected with the electrical industry 
in jealously guarding professional and 
shop experience that in other professions is 
freely published in a spirit of mutual help- 
fulness. Hints and experience of great 
value, it is stated, are freely given in the 
columns of the mechanical journals, while 
an examination of the files of the electrical 
journals show that the American Machinist 
alone contains five times as much matter of 
this type as is contained in all of the latter. 
Mr. Williams concludes as follows: ‘*‘ Edu- 
cation is supposed to have a broadening 
effect on the mind; in fact, in the eye of 
many educators this is its chief aim and pur- 
pose. What sort of evidence in support of 
this proposition does the condition of the 
electrical industry give? The great majority 
of leading mechanical men have come up 
from the ranks, and, whether that condition 
continues for the future or not, the present 
spirit of mutual helpfulness which charac- 
terizes mechanical men was established hy 
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those of little or no formal education. The 
spirit which characterizes the electrical in- 
dustry was, on the contrary, established by 
educated men, and the contrast is not one of 
which education can be proud.” 


Municipal Electric Lighting Statistics.—The 
agitation in favor of municipal electric 
lighting plants is, in many instances carried 
on by demagogues, who usually indulge iu 
gross misrepresentations as to the economy 
to be achieved under municipal manage- 
ment. In many instances the private owner 
of a central station plant which it is pro- 
posed to dispossess through the establish- 
ment of a municipal plant is thus put in the 
position of a grasping monopolist charging 
the community extortionate prices, and in 
the lack of the necessary statistics he is de- 
fenceless. At the July meeting of the 
Northwestern Electrical Association, a com- 
mittee was appointed to gather statistics as to 
the actual cost, including fixed charges, etc., 
of generating current in central stations, 
both private and municipal, which work 
is now under way. The electrical public 
can greatly aid in this praiseworthy un- 
dertaking by furnishing data gathered in 
their respective localities, and particularly 
data relating to municipal plants. The pub- 
lic reports of the latter are generally value- 
less on account of the omission of any state- 
ment whereby the fixed charges, taxes, etc., 
may be estimated, and through the custom 
of providing for extraordinary expenses by 
special appropriations and charging parts of 
salaries, etc., to other departments. Mr. 
Henry L. Doherty, general manager of the 
Madison Gas & Electric Company, Mad- 
ison, Wis., is chairman of the committee 
above referred to, and will be pleased to en- 
ter into communication with any of our 
readers who may be willing to aid the work 
by supplying statistics relating to the com- 
munities in which they live. 


Conservation of Energy. In a notice of the 
work of the late Sir William Grove, the in- 
ventor of the Grove voltaic cell and of the 
gas battery, the London Ængineer says, in 
referring to the doctrine of conservation of 
energy, of which Grove was one of the 
founders, that ‘‘There is but one funda- 
mental deduction that can be drawn. All 
the phenomena that we can see and feel, and 
think of as possible, are forms or modes of 
motion. This is the fundamental concept of 
the conservation of energy, which means 
neither more nor less than the conservation 
of motion. There is really no escape from 
this deduction. Itis true that certain teach- 
ers, hesitating to accept the inevitable, have 
adopted the phrase ‘potential energy’ to 
express a condition that they do not under- 
stand; a phrase fatal for all practical pur- 
poses to the doctrine of the conservation of 
energy, which, from the standing of an es- 
tablished fact, is reduced by it to the position 
of a metaphysical speculation; for, to take an 
example, when a stone was raised to the top 
of one of the pyramids, energy was expended 
and lost, not to be returned for, it may be, 
hundreds of thousands of years. The truth 
all the while is that there is ro energy 
stored in the stone. The work of lifting it 
was done on gravity, and in gravity, not in 
the stone, we must seek for the energy so 
expended. The great work done by Grove 
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was in all respects akin to that of Helmholtz. 
Attempts have been made now to give the 
credit of priority to the one, now to the 
other. A vain thing, a waste of argument 
much to be deprecated. Let us rather re- 
gard them in the light of co-workers, each 
with the same lesson to teach, but teaching 
it in a different way.” 


American Association for the Advancement of 
Science.—At the fcrty-fifth meeting of the 
American Association for the Advancement 
of Science, held at Buffalo during the week 
beginning Aug. 24, a number of papers were 
read on subjects relating to electricity and 
mechanical engineering, among which were 
the following: The Most Economical Points 
of Cut-Off for Steam, by Henry T. Eddy; The 
Performance of Small Steam Pumps, by M. 
E. Cooley; On a Continuous Indicator for 
Engine Tests, by Thomas Gray; Apparatus 
for Observing the Distribution of Moisture 
ina Steam Main, by D. S. Jacobus; An Ar- 
rangement for Using Storage Batteries for 
the Automatic Regulation of Engine Loads 
in Power Plants of Variable Output, by W. 
S. Franklin; On the Effect of Odd Harmon- 
ics Upon the Virtual Values of Periodically 
Varying Quantities, by Dr. Frederick 
Bedell; Electrical Waves in Long Parallel 
Wires, by A. D. Cole; Graphical Treat- 
ment of Alternating Currents in Branching 
Circuits, by Henry T. Eddy; On the 
Counter E. M. F. of the Electric Arc, by 
W. S. Franklin; Some Points in the Me- 
chanical Conception of the Electromagnetic 
Field, by W. S. Franklin; A Theory of Gal- 
vanic Polarization, by W. S. Franklin and 
L. B. Spinney; On the Rule for the Dynamo 
and Motor, by Alexander Macfarlane; On the 
Distribution of High-Frequency Alternating 
Currents Throughout the Cross-Section of a 
Wire, by Ernest Merritt; An Experimental 
Study of the Charging and Discharging of 
Condensers, by F. E. Miller; The Influence 
of a Static Charge of Electricity on the Sur- 
face Tension of Water, by Edward L. 
Nichols and John Anson Clark; A New Al- 
ternating Current Curve-Tracer, by Edward 
B. Rosa; Preliminary Note on a Proposed 
New Standard of Light, by Clayton H. 
Sharp; Note on the Duration of the X-Ray 
Discharge in Crookes Tubes, by Benjamin 
F. Thomas; Electrolysis and Some Out- 
standing Problems in Molecular Dynamics, 
by C. L. Mees; Polarization and Resistance 
of a Galvanic Cell, by B. E. Moore; Photo- 
graphic Study of Rontgen Rays, by W. A, 
Rogers; Mechanical Model of the Electric 
Circuit, by Brown Ayres; Portable Appar- 
atus for Recording Curves of Alternating 
Current and E. M. F., by H. J. Hotchkiss. 


Tesia as a Seer.—The following curious ex- 
tract is from an interview by a New York 
Herald reporter with Mr. Nikola Tesla, the 
subject of the interview being ‘‘the transmis- 
sion of sight by wires or otherwise.’’ After 
stating that he had arrived at a few precise 
facts bearing on that problem, but yet 
enough to make an approximate estimate 
of all the elements involved in a practical 
demonstration, Mr. Tesla says ‘‘ Have you 
ever abandoned yourself to the raptures of 
the contemplation of a world you yourself 
create? You want a palace, and there 
it stands, built by architects finer than 
Michael Angelo—aye, even finer than if by 
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my friends McKim, Mead & White. You 
fill it with marvelous paintings and statuary 
and all kinds of objects of art. Yousummon 
fairies if you are fond of them. Now, per- 
haps, you want to sit on a throne, and there 
is your throne, greater than that of Great 
Britain! And all your subjects are around 
you—countless subjects. No fellows to run 
after you with a pistol, as fellows do after 
illustrious personages, like William and 
Nicholas or Li Hung Chang. And if they 
would, what do you care? You stop ‘their 
bullets in midair. Now you walk out in the 
streets of a wonderful city. Perchance it is 
one of my cities. Then you may see that all - 
the streets and halls are lighted by my beau- 
tiful phosphorescent tubes, that all the ele- 
vated railroads are propelled by my motors, 
that all the traction companies’ trolleys are 
under ground and supplied by my system, 
and that all the currents are supplied by my 
oscillators, or else that my friends of the 
Cataract Construction Company are trans- 
mitting all the power by my system from a 
far-off Niagara. And now, perhaps, you 
meet a tramp in the street, and you reach in 
your pocket and give him something. Five 
cents, you think. No, sir; you give him not 
less than $5,000,000. . 

“ Strangely, though, instead of collapsing 
at your generosity, he looks at you in an in- 
solent way and turns the money in his hand 
and says, contemptuously:—‘ Take it back 
you mean skinflint.’ And then you throw 
down your royal insignia and you begin to 
grapple with him. You are endowed with 
giant strength, and he is no fellow to fool 
with, either. At any rate, the issue is un- 
certain. He may be stronger,and then, well— 
then you wake up, saved, but badly used up. 
If you defeat him, then you recompense him 
royally by giving him your insignia and 
your throne, and you continue your advent- 
urous voyage peacefully and contented. 

“ Suddenly you throw yourself in the roar 
of a battle, you cut and slash, and a whole 
army of noble knights flees before you. And 
now something rattles in the bushes, and 
you, who know no fear, you run away. Then 
you may witness a terribly impressive scene 
of years gone by. You witness the death of 
your father or your mother, and you go 
through all the agonies again. You realize 
the immense gulf that separates you from 
them. Then overwhelming desire takes hold 
of you to be with them again. You know it 
is impossible to get them back; but never 
mind, you will invent something, you will 
discover some force which will reunite those 
separated molecules and make them form 
those lovely shapes so dear to you. 

‘ And now suddenly there comes a revul- 
sion, and you are throwing a stick at a catin 
a backyard. You miss it, too—aggravating 
circumstance. But years afterwards you can 
tell the exact spot on the wall, you can tell 
every mark of the stick, and you see exactly 
how the cat’s fur was brushed one or the 
other way. So your imagination leads you 
on, from sorrow to joy, from work to play, 
and all this world is ever present, ever ready 
for your pleasure and enlightenment, and at 
your wish and command. All this world, 
real or imaginary, it matters little, you want 
to be able to see through some such thing 
asa wire, for if you succeed in transmitting 
sight you will see it all.” 
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Induction Motors. 
One of the supposed drawbacks to the in- 


duction or polyphased motor which has been 
urged, is its inability to appreciably vary 
in speed. In another column Mr. P. M. 
Heldt shows that the speed of such motors 
may be varied through wide limits, and that, 
as comparedto the shunt motor, it possesses 
an advantage inthis respect. A number of 
methods are described for producing varia- 


tion of speed. Tests have shown that by 
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means of one of these the speed may be re- 
duced to one-fourth of its highest value with- 
out much sacrifice in output and efficiency. 
In this case four different speeds are possible, 
ranging from 2650 revolutions with an effici- 
ency of 77 per cent., to 640 revolutions with 
an efficiency of 70 percent. The reduction 
of speed is, however, abrupt, but by combin- 
ing one of the other methods described, 
some gradation may be obtained. Mr. 
Heldt also points out another advantage of 
the induction over the shunt motor, consisting 
in its ability to carry an overload with much 
less heating. It seems probable that as the 
polyphased motor enters into greater use, it 
will be found to answer all of the purposes 
to which continuous current motors are now 
applied. Some years ago Dr. Bell pointed 
out that this motor is not inferior to the 
series motor with respect to variation in 
speed, and that while the efficiency is low at 
low speeds, it is not less so than the series 
motor. That the polyphased motor is now 
used for street railway work with success 
(at Lugano, Switzerland), is evidence of its 


flexibility of action. 
-—— -—- oP 
Dynamo Brushes. 


The article in another column by Mr. A. 
E. Wiener, on the selection of dynamo 
brushes, their proper contact area and con- 
mutator pressure, contains, we believe, the 
most complete consideration from the practi- 
cal standpoint of the subjects treated that 
has yet appeared in print. Heretofore, much 
of the information on these points has been 
of the indefinite kind which is useless to both 
What 


the łatter wants are precise statements that 


the theoretical and practical man. 


will enable him to determine numerically 
the exact data for a given machine; what he 
is usually offered are discussions on the 
heory of sparking, etc., and told that if 
the pressure of the brush on the commutator 
is too great there will be cutting, while if too 
small there will be sparking, and so on. The 
article elsewhere in this issue, on the other 
hand, gives formulas by means of which the 
cross-sections of brushes and commutator 
pressure may be simply calculated for any 
given condition, the results being expressed 
in square inches and pounds, and requir- 
ing a mere knowledge of arithmetic for 
their application. To illustrate the applica- 
tion of the formulas numerical examples are 
given under each. 


Usually dynamo brushes are selected hap- 
hazard and adjusted entirely by guess. The 
advisability of following rules based upon 
proper principles is evident from the fact,that 
one of the chief causes of sparking and of un- 


due heating of the commutators of even well 


designed dynainos, may be traced to the im- 


proper selection and adjustment of dynamo 
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brushes. In Mr. Wiener’s article it is shown 
that by properly adjusting the resistance of 
a brush, its contact area and its tension, 
both the sparking and heating of the com- 
mutator—the latter an evidence of excessive 
energy waste—can be reduced to a minimum, 
and the simplicity of the formulas for this 
purpose places their use within reach of 
all. 


a m 
Indicator Cards. 


The engineer who has come into contact 
with so-called ‘‘theory’’ in connection with 
indicator cards alone, is entirely justified in 
holding the word ‘‘theory’’ in contempt. In 
no department has the word been more abused 
by its use in an entirely unwarranted sense. 
With 


every line is at variance with theory; with 


“theoretical” forms of cards whose 
‘‘theoretical’’ expansion lines based upon 
assumptions contrary to the most element- 
ary theory of the action of steam; he indeed 
has cause to have a grudge against the word. 
As we have shown elsewhere, the construc- 
tions offered by writers on the steam engine 


indicator card for determining the point of 


cut-off and clearance violate the simplest 


principles of steam working, and give extra- 
ordinarily incorrect results if applied to the 
card of the ordinary engine. The same is 
true of the method of determining valve 
and piston leakage, which has the further 
disadvantage of showing an engine to be 
most efficient and in good order when its 


valve may be leaking like a sieve. 


It 1s sometimes said that in writing for the 
practicalman, methods, processes,ete., should 
be described without accompanying reasons, 
We be- 


lieve this to be an entirely unwarranted as- 


as he is only interested in results, 


sumption, and little creditable to the read- 
ers of those who follow it. It has appar- 


ently, however, been accepted by most 


‘Writers on the indicator card, and with re- 


sults that might be expected. For, if in- 
stead of laying down a method without ex- 
planation of the assumption upon which it 
is based, the principles were also given, the 
practical knowlege of the reader would at 
once teach him the limitations of the method, 
and incidentally the difference between the- 
ory in its proper sense and ‘‘theory’’ used 
in the sense of a mere assumption, the latter 
frequently grossly unjustified. 

In conclusion, it may be said that the 
only theoretical indicator card or expan- 
sion line is that traced by an indicator on 
an actual engine. It is useful sometimes 
to draw a card or expansion line conforming 
to certain assumed or perfect conditions of 
steam working, but such constructions should 


be called “ideal” rather than theoretical 
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ones. The former word is used in this sense 
by authoritative writers on the steam en- 
gine, and should enter more largely into 


the language of the practical man. 


a a gig 
The Test of Practice. . 

In attempting to decide upon the actual 
practical importance of a new discovery or 
application, one is apt to tread upon dan- 


gerous ground. Even with all of the facts 


at hand involved in the practical working 


of a new principle, it is difficult to predicate 
in regard to its commercial success, for the 
reason that the commercial factors, unlike 
the scientific ones, are subject to all manner 
of modifications and even to reversals of 
significance, while time may introduce new 
ones of predominating importance. 


Doubtless several illustrations of the above 
statements will occur to the reader, and the 
case of alternating current distribution may 
be mentioned. In the early days of alter- 
nating current distribution it happened—in 
this instance fortunately—that little or no- 
thing was generally known of line induc- 
Had theory 


preceded practice, it is quite probable that 


tance and transformer losses. 


alternating current distribution would have 
been looked upon with disfavor, and many 
calculations made to show that it was most 
seriously lacking in the elements of regula- 
tion and efficiency on account of the drop 
due to the inductance of the distributing 
system and transformer, and the energy 
losses in the latter. Knowing nothing about 
these factors, the system went into general 
use and demonstrated its entire practicability 
before theory could point out its inherent 
defects. 


Perhaps the favorable results achieved 
in the case of alternating current lighting 
has had its effect on those who other- 
wise would point out and insist upon the 
defects of long distance transmission of 
It is true that the advocates of the 
several rival polyphased systems have each 


power. 


attempted to show that lack of balance be- 
tween the circuits of the other systems than 
his own is a serious disqualification, but 
these arguments, being frankly commercial 
ones, have carried little weight. Line in- 
ductance has also been somewhat discussed, 
but no definitely unfavorable conclusion ad- 
vanced. That there is reason for care in this 
latter respect was shown by a recent instance. 
A company about to put in an extensive 
underground polyphased system was warned 
that the variation in voltage would be so 
large as to render proper regulation out of 
question. Upon a guarantee received from 
the company installing the system, the 
plant was laid down, and when in operation 


showed, instead of a variation of 15 or 20 per 
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cent. as predicted, only about the same 
amount that would have been present if the 
The 
discrepancy between theory and practice in 


continuous current had been used. 


this case was due to the former taking no 
account of the influence of the lead casing of 
the cables used. Eddy currents set up in 
this casing, it seems, almost entirely nulli- 
fied the impedance effect, and with an ac- 
companying energy loss that was insignifi- 
It might be added that this action 
has been known for several years in the elec- 
trical department of the U. S. Lighthouse 
Board, and advantage taken of it in cable 


cant. 


work for buoy lighting. 


What has been written does not, however, 
furnish an argument for those who accept 
any and every new discovery or application 
as full of promise until actually proved by 
As stated before, 
the scientific factors are definite ones. In 


practice to be otherwise. 


some instances, of course, they are only par- 
tially known, and in cases are not sufficiently 
strong to justify neglect of possible future 
commercial conditions; they nevertheless 
cannot be dismissed with a slur at thecry 
and references to what Lardner is falsely 
credited with having said as to the im- 
possibility of transatlantic steam naviga- 
tion. The conservatism of the scientific 
man in these days of independent investiga- 
tion and freedom from the trammels of au- 
thority, has in it little or nothing inimical 
to progress. On the other hand, the opti- 
mistic spirit which sees wonders in every- 
thing that is new, merely because it is new, 
confounds the good with the bad to the dis- 
advantage of the former. The uvfavorable 
effect of a scientific conclusion is corrected 
the instant an error in the conclusion is 
shown, while the public, deceived by all 
manner of optimistic assertions, is apt to re- 
tain its unfavorable opinion of a project 
which did not in its early stage realize wild 
predictions, though later it may have de- 


veloped into real though prosaic value. 
— ep 
Municipal Ownership. 


The sentiment in favor of municipal 
ownership seems to be rapidly spreading, 
particularly in the West, in which section 
also but little, if any, mercy is shown to the 
owner of an electric lighting plant where 
the doctrine is put into practical execution. 
The menace is greatest toward the owners of 
plants in smalltowns, for in the larger cities 
the companies are better able, both from the 
technical and financial standpoints, to defend 
themselves. Besides, in large cities the voters 
are less likely to be greatly interested in 


favor of the policy of municipal ownership. 


Much has been said in condemnation of 


manufacturers of electrical machinery, whose 
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agents are accused of giving aid in many 
cases to the advocates of municipal owner- 
ship in order to make sales. Such practices, 
of course, are entirely indefensible on 
the part of manufacturers, whose duty it is to 
discountenance and not encourage attacks on 
individual members of the interest which as _ 
a whole furnishes their principal, or, in some 
cases, theirentiresupport. Onthe other hand, 
it must be recognized that in certain sections 
of the country a sincere belief exists in the 
principle of municipal ownership, and there- 
fore the real issue is not met by waging 
war on manufacturers. 


What appears to be the best plan for the 
emergency is one which will recognize the 
honesty and sincerity of those who advocate 
municipal ownership, and direct all endeav- 
ors to showing that, however well founded 
that principle may be, its practical applica- 
tion will entail greater expense on a 
community than electrical supply by pri- 
vate enterprise. In the past consider- 
able harm has undoubtedly resulted from 
the vituperative character of much of the 
writing by champions of private ownership. 
No good can possibly result from violent at- 
tacks upon the motives of those favoring 
the idea of municipal ownership, and even 
economic arguments will have little or no 
force with a great part of the audience which 
What is rather re- 
quired is the presentation of facts and fig- 


itis desired to influence. 


ures relating to actual municipal plants, ac- 
companied by a plain and dispassionate an- 
alysis setting forth their bearing—leaving it 
to the reader to weigh his theories against 
the almost necessarily unfavorable facts thus 
presented, and to draw his own conclusions 
as to the motives of those urging the measure 
under consideration. 


Such statistics as are necessary for this 
purpose cannot be easily obtained by per- 
functory correspondence and requests to fill 
in forms. What is required to be known are 
the total outlay on a given plant from its in- 
ception, the tax, depreciation and other 
charges often disregarded in municipal 
book-keeping, the manner in which a plant 
is keeping pace with modern developments, 
and the extent of its patronage by the com- 
munity as compared with private plants in 
other communities of similar character. It 
will readily be seen that the compilation of 
such statistics will not be a matter of mere 
correspondence, but, on the contrary, will 
require personal investigation and entail 
considerable expense. Once obtained, how- 
ever, such information will be of great 
value, whereas, with scarcely an exception, 
the statistics heretofore compiled are almost, 
if not entirely, useless for the purpose here 
outlined. 
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A CONDENSER FOR EXTREMELY HIGH 
POTENTIALS. 


A condenser for high potentials that ie com- 
mercial has been a problem that has long de- 
fied complete solution, and the demand for 
one that will withstand the enormous poten- 
tials of so-called Tesla currents, has been 
only partially met by the clumsy and inef- 
fective Leyden jar. The writer’s practical 
experience with the condenser herein de- 
scribed bears him out in offering it as a com- 
plete solution for Tesla currents as usually 
employed, and a partial solution for the 
problem of how to get a condenser for high 
voltage commercial currents. 

This condenser has a capacity of about .02 
microfarad according to the specific induc- 
tive capacity and thickness of the glass that 
is used. It will replace a battery of fifty or 
sixty quart Leyden jars and will only occupy 
the space of a couple of them. If it is 
stacked in banks of fifty or sixty, a capacity 
of one microfarad could be obtained, which 
is sufficient for experimentation on commer- 
cial circuits. This condenser can be made 
by the veriest amateur, at an expense not 
exceeding $2. 50. 

Procure of some good-natured photog- 


FIG. I.—GLASS PLATES. 


rapher a supply of old negatives five by 
seven inches in lateral dimensions. About 
one hundred will be needed. Soak them in 
hot water till the gelatine film has dissolved, 
rinse them off, and when dry and clean they 
are ready for use. 

A dealer in photographic supplies will sell 
ferrotype plates 14 ins. 10 ins. for not 
more than four cents each. As each plate of 
this size will make four condenser plates, 
the total cost of the latter will not exceed 
fi. The plates should be «laid out and 
cut as shown in Fig. 1. Through the 
center of each lug should be drilled a 3 in. 
hole. . Procure an Edison-Lalande jar 5 ins. 
X 8 ins, in horizontal sectional dimension, 
this being a standard size. Select the jar 
with some care, being sure that the bottom 
and sides are perfectly flat, for otherwise the 
condenser plates will not pack in place 
nicely. Two pieces of % in. brass rod 


FIG. 2,—-ARRANGEMENT OF PLATES. 


should now be obtained, together with a box 
of % in. copper rivet burrs, and some \ in. 
standard tap brass nuts. The brass rods 
should be the length of the Edison-Lalande 
cell, and should be threaded for some dis- 
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tance on each end. Having obtained about 
one-half gallon of paraffine oil, the conden- 
ser is ready to be put together. 

The first thing to do is to pack the jar full 


FIG. 3.—TERMINALS OF PLATES. 


of glass and ferrutype plates, so adjusting 
their number that there will be one less fer- 
rotype than glass plate. If the glass is not 
too thick, the jar will hold between ninety 
and one hundred plates, and it should have 
just enough that the walls of the jar shall be 
effective in holding the plates together in a 
solid homogeneous mass. 

The plates of glass and sheet iron should 
now be arranged alternately, as shown in 
Fig. 2. The lugs of each set of plates are to 
be threaded with the brass rods before men- 
tioned, and rivet burrs interspersed so that 
when the nuts are set up as shown in the 
sketch of the complete condenser (Fig. 4) 
the tin plates will not bind the glass plates 


p, 


FIG. 4.—CONDENSER COMPLETED. 


between them. The terminals may be sim- 
ple wires, but preferably a ball and knob 
arrangement as shown in detail in Fig. 3, 
and in position on the condenser in Fig. 
4. Afterthe condenser is thus arranged, it 
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and reducing the number of plates that can 
be placed inside a jar of given dimensions. 

The ball and knob arrangement is very 
simple. Some 4% in. brass rod is bent into 
a 14 in. eyelet at one end, while on the other 
is cast a round leaden bullet. These rods are 
bolted each to its system of plates on the red 
holding the plates together. They will serve 
to separate the tin plate at the points where 
they are bolted in, instead of washers, and 
will bind a sufficient amount to hold them 
in any position that they may be placed; as 
they are placed opposite each other the dis- 
charge gap may be varied at pleasure. 

For use with the higher potentials, the 
jar had better be of hard rubber, for it is 
liable to be punctured, and if this happens 
the jar will crack and release the oil to the 
great discomfiture of the experimenter. 

One of the chief practical features of this 
condenser is the facility with which it can 
be repaired. Should a plate become punc- 
tured for any reason, it may be at once with- 
drawn and renewed without disturbing the 
condenser otherwise in any way. The ex- 
pense of repairing such a condenser is prac- 
tically nothing. If redesigned for manufact- 
ure in large quantities, its cost could 
undoubtedly be brought below the dollar 
limit. 

— eer ——_— 


INTERIOR WIRING. 


SWITCH CONTROI, FOR ELECTRIC SIGNS. 


An electric sign is merely a series of lamps 
forming letters for the word or legend 
displayed. The primary object of the sign 
is to attract attention thereto, and in this re- 
spect its utility can be greatly enhanced by 
appropriate switch control. In the first 
days of electric signs it was quickly found 
that simply turning on and turning off the 
sign current called more attention to it from 
the streets, and this, as may be noted even 
now on upper Broadway, is still extensively 
done. 

Such progressive switching requires the 
constant attention of a man or the employ- 
ment of an automatic device driven by a 
motor, and the latter is always preferable. 
Inasmuch as the remainder of this article 
will deal with progressive switching, al- 
though more elaborate methods than the 
one already mentioned will be discussed, a 
description of an effective progressive switch 
adapted to be driven by a small fan motor 
will not be out of place. l 

This switch consists of a shaft of machin- 
ery steel turned as shown in Fig. 1, and 
suitably threaded to receive standard 3 in. 
check nuts. The portion of the shaft be- 
tween the threads is to be insulated to the 


FIG. 


remains to fill it up over the tops of the lugs 
with paraffine oil and it is complete. 

As described, the condenser would be suit- 
able for potentiałs of 10,000 volts or less. 
For higher potentials the plates between the 
conductors may be made thicker. This will 
reduce the capacity of the condenser both 
by increasing the thickness of the dielectric, 


I.—SHAFT OF COMMUTATOR. 


diameter of 1 in. This may be done by 
slipping over it a fibre tube j4 in. thick, or 
by winding paper over the shaft tightly and 
securing it with glue as it is wound on. 
Thirteen rings should now be cut from X% 
in. sheet hard rubber. They should have 
an internal diameter of 1 in. and an external 
diameter of 2 ins. Prepare a pattern to pro- 


SEPTEMBER, 1866. ] 


duce the casting shown in Fig. 3, and have 
twelve of them cast in brass. Slip them on 
the shaft, separating them with the rubber 
rings from each other and from the nuts. 
Set up the nuts and put the shaft in a lathe 
and turn down the curved surface until the 
scaleand roughness are removed. The an- 
gular position. of the castings may be varied 
to produce effects that will subsequently be 
described. The shaft turns in 3% in. iron 
boxes with self-aligning swivels, such as are 
shown in Fig. 2. These bearings and pedes- 
tals may be bought ready made from a 
dealer in models. The shaft with its load 
of insulated castings is mounted in these 
bearings, and a suitable pulley, preferably a 


gr fil T m 
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grooved one, is fastened to the protruding 
end of the shaft so that the latter may be ro- 
tated. 

Each casting revolves between two brushes 
_ which press against its periphery, as shown. 
The ends of these brushes are provided with 
little terminals into which wires may be fas- 
tened. The twelve castings, each with its 
pair of brushes bearing thereon, may be con- 
sidered as parts of twelve circuits, and wher- 
ever a casting and brush is interposed, the 
current will be intermittent through equal 
periods of time, whatever the speed. The 
current will be on half the time and off half 
the time, and the lengths of the intervals of 
outages and illumination may be varied by 
simply varying the speed, but their equality 


pra 
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70 LILVE LAMES. 
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or the blue lamps would sufficiently trace a 
letter to make it appear well. Let each 
color have a separate circuit. Let two cast- 
ings on the shaft of the progressive switch 
be inserted in the two circuits of the sign. 
Now if the castings are lined up so that 
they occupy the same angular position on 
the shaft, indicated in diagram in Fig. 4. 
the sign will light up with all its lamps for a 
period, and remain dark for an equal period. 
If the castings are set so that one quarters 
the other, as diagramatically shown in Fig. 
5, then the sign will light with red and blue 
lights alternately, the blue lighting as the 
red go out, and vice versa. If the castings 
occupy any intermediate position (see Fig. 


FIG, 2.—COMMUTATOR COMPLETE. 


6) between these two, there will be two more 
effects introduced, making four in all. 
First, the sign will burn red, then red and 
blue, then blue, and then follows an outage 
equal in length to the length of time the 
lamps were all lighted. This cycle is then 
repeated. By varying the angular position 
the events may be allotted such periods of 
time as may produce the most pleasing effect 
for the particular sign in use. 

If the circuits of the progressive switch 
are connected ‘wo in multiple and a single 
current passed through them, the effect of 
varying the relative angular position of the 
two castings on the shaft will vary the time 
of outage from zero to one-half the time of a 
complete cycle. By connecting the castings 


70 RED LAMPS. 
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period. Moreover, we can adjust the rela- 
tive order in which these events occur, by 
simply varying the relative angular position 
of the pairs of castings representing the 
circuits. A number of instances illustrat- 
ing the general applicability of this switch 
will now be given. Suppose that a theatre 
wished to display the name ‘‘ Hamlet.” By 
means of this progressive switch properly 
set, the word could be spelled in order 
H-A-M-I-E-T, followed by a general ex- 
tinction and then a repetition of the display. 
Any sign could thus be lighted up in pro- 
gressive order and then extinguished. This 
is the popular way of manipulating electric 
signs and is usually done by hand. 


Eno Exzevarron. 
Paier Nor Snowy 


As mentioned in the paragraphs on theater 
wiring, the brilliancy of lamps may be 
varied by connecting them two in series 
across the mains. On the sign utilizing this 
principle, a pretty effect may be obtained by 
so arranging a pair of castings on the shaft as 
to short circuit a set of the lamps thus con- 
nected in series. If there were red and blue 
lamps in series forming the letters of the 
Sign, the blue lamps would suddenly disap- 
pear and the red ones would comie up to full 
brilliancy, or vice versa as might be desired. 
By connecting two castings in multiple at 
the wire connecting the lamps and connect- 
ing the free ends to the two sides of the 
mains, as shown in Fig. 7, three effects will 
be produced—first, a red sign, then a red 


Reo ELVéE 
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FIGS. 3, 4, 5, 6 AND 7.—COMMUTATOR CASTING, AND VARIOUS SWITCH COMBINATIONS. 


will not be changed thereby. A convenient 
speed for the spindle is three turns per min- 
ute. This will give alternate periods of five 
seconds each on a simple circuit through one 
of the switches, 


It is obvious that by varying the angular ` 


position of the switches relatively to each 
other that.the events of one circuit may be 
varied with respect to the others, and thus 
many pleasing combinations can be pro- 
duced. Suppose, for example, that we have 
a large sign of alternate red and blue lamps, 
and in sufficient number that either the red 


two in series, variation of the relative angular 
position will vary the period of outage from 
one-half a cycle to a complete cycle or, in 
other words, darkness. Briefly, by the de- 
vices just indicated the period of illumina- 
tion may be anything from a mere flash of 
the lamps once per revolution to continuous 
light. This extends the scope of the switch 
very materially. 

We will thus have six circuits which can 
supply current for practically any fraction 
of the time of one-half a revolution desired, 
and remain dead for the remainder of that 


and blue sign at half brilliancy, and then a 
blue sign. The middle event would occur 
for only an instant. This combination gives 
no outages, but care must be taken that 
the two castings are exactly on the quarter, 
for if circuit is made through them simulta- 
neously it will short-circuit the mains. It 
may be necessary to use castings having a 
less arc than go degs. to accomplish this. 

If it were desired to attract attention to 
any great extent, a comic feature could be 
introduced by tracing an animal such asa 
dog, in incandescent lamps. If he be given 


166 


a plurality of tails and eight legs suitably 
arranged, the simple device of switching the 
current from one set of members to the other 
will cause him to appear to run and wag his 
tail quite naturally, while to make him wink 
is a still simpler matter. For such service 
the progressive switch already described will 
be found excellent. A comic artist with a 
fertile brain would find no difficulty in de- 
signing striking subjects, and in the manner 
just indicated almost anything can be accom- 
plished. Anything that can be produced on 
the double magic lantern slides can be re- 
peated by this method on the electric sign. 

The circuits of an electric sign usually 
have single pole control, although a large 
double pole gang switch should be provided 
for purposes of general extinction in order 
to comply with the insurance rules. In com- 
posite signs so wired, the same pole should be 
given all the lamps except in special cases, 
for the combinations will work out more con- 
veniently. Care should be taken that no 
lamps are common to both of two inter- 
changing circuits, for the result would be 
that neither would interchange, but both 
would burn all the time. This is a mistake 
that has been frequently made. In fact 
wiiole boards have been failures because 


(eo 


FIG. 8.— ELECTRIC SIGN MECHANISM. 


they have been constructed in ignorance of 
this principle. 

A convenient system of electric signs is in 
use whereby the letters of the sign may be 
changed with great facility. The letters are 
traced in lamps on pieces of board having 
brass connecting clips at the top and bottom. 
A long rack is prepared to receive the boards 
and is suitably grooved to retain them. The 
spring contacts on the ends of the letter 
boards make contact with two brass rails 
connected tothe mains. With a set of let- 
ters like a font of type any combination of 
letters can be constructed. These letters are 
usually traced in minature lamps. 

This article would hardly be complete 
without a description of the Manhattan 
Beach sign, for although the sign is most ex- 
pensive and its foundation principle is 
broadly covered by patents, it is interesting 
as being the most flexible electric sign in 
existence. Its principle is as follows: A 
lamp is in series with a small magnet and 
also with a pair of contacts that are closed 
by the armature thereof, as shown in Fig. 8. 
Should the lamp get current even for a 
moment the armature would be attracted 
and maintain the circuit even after the orig- 
inal source of current is taken away. A 
large number of lamps are packed as closely 
as possible on a board. They are perman- 
ently connected to one side of the circuit, 
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while the other side is connected to each 
lamp, by means of the mechanism of the 
magnet and armature just described. A 
board covered with little plates is connected 
to the lamp board by the controlling wires 
so that every plate to which a wire is con- 
nected occupies on its board the same rela- 
tive position that the corresponding lamp 
occupies on the sign. Each of these plates 
is connected to its lamp beyond the break in 
the circuit in the magnet armature. Thus 
if a stylus of metal connected with the other 
side of the mains be touched to any of these 
plates the circuit will be closed, and Ac/d 
closed by the magnet even after the stylus 
has been removed. Thus any lamp or line 
of lamps may be lit and any letters traced. 
A gang switch restores the sign fora new 
sentence. 
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FAULTS IN DYNAMOS. 


With respect to faults in the connections 
of the armature, it is well to note that in 
some cases the test of the bottle of glycerine 
and iron filings is not accurate for all wind- 
ings. There area few drum windings that 
are what is called ‘‘chord wound.” This 
winding has the disadvantage of throwing 
conductors with inverse E. M. Fs. into the 
the field where they do not belong, but has 
an advantage in greatly reduced armature re- 
action. In order therefore to intelligently 
apply the test the operator must know his 
armature and whether or no it partakes of 
the chord winding. Such windings are not 
very common. 

There is a class of machine that is so 
totally different in the character of its arma- 
ture winding that it requires special treat- 
ment. These are the open coil machines 
used for arc service. There are only two of 
these machines that are largely used, the 
Brush and the Thomson-Houston, and each 
will be accorded a separate discussion. 

The Thomson-Houston armature connec- 
tions are shown in diagram in Fig, 1. There 
are two well known methods of winding 
this armature. The old fashioned way was 
a drum method, but the three coils over- 
lapped so badly that it was very difficult to 
repair. For this reason a Gramme ring ar- 
mature was adopted on account of the ease of 
repairing a burned out coil. Electrically 


FIG. I.—ARMATURE CONNECTIONS OF T.-H. 
ARC DYNAMO. 


the two armatures are identical, the winding 
being divided into three parts connected to- 
gether at one end and delivering their free 
ends to the commutator. (See Fig. 1.) The 
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station manager or dynamo attendant is fre- 
quently called upon to connect these coils 
up correctly, and though he succeeds event- 
ually he often makes needlessly hard work 
of it. 

There are three wires and three commuta- 
tor segments, and their proper connection is 
very easy to accomplish. Draw a circle and 
endeavor if you can to place the figures 1, 2 
and 3 about its circumference, so that they 
will not come in order. This will be found 
to be impossible. Only two combinations 
can be had however the figures are twisted, 
one running around the circle left handedly, 
while the other traverses the circle in a right 
handed direction. Thus there is only one way 
of connecting the commutator up wrongly. 

First set the commutator at the proper 
position on the shaft so that the brush leaves 
the commutator segment in front of an air 
blast nozzle. Then connect the wires into 
the segments as they happen to come, and 
try the machine. If incorrectly connected 
it will refuse to generate though it may give 
evidence of electrical energy at the commu- 
tator by sparking. Try this combination at 
three points, advancing the commutation a 
third of a turn at each trial. Failure to gen- 
erate still being the case, stop the machine 
and exchange zwo of the wires of the com- 
mutator with their respective segments. It 
will now be correctly connected and it re- 
mains only to find the correct lead by the 
three trials. 

A little adjustment of the lead of the com- 
mutator on the shaft after the correct posi- 
tion is found may be necessary in order to 
prevent flashing. This adjustment should 
be made so that the spark at the brushes 
will be normally about 34 in. long. It is an 
even chance that the wires will be con- 
nected the first time in correct order, and if 
the first trial fails the second is sure of suc- 
cess. A common mistake is to take all three 
wires and rearrange them, a process that 
often produces the same combination that 
was tried before. A moment’s thought will 
show the uselessness of such procedure. 
The lead of the commutator being correct, it 
is obvious that no mistake can be made by 
connecting one wire to one segment provided 
the other two are properly connected rela- 
tively thereto. There are only two ways 
that the remaining wires can go. One is cor- 
rect and one is not. Try each at the three 
possible positions and the chances are that 
before the six combinations of lead and con- 
nections are exhausted the correct one will 
be found. 

The Brush arc dynanio, unfortunately, is 
not so easy to connect, and there are liable 
to be more mistakes. On a four-pole ma- 
chine, the difficulty is often quite compli- 
cated, and in fact the connections of the 
first machine of this type bothered its own 
designers. For simplicity’s sake the con- 
nections of the bipolar machines will be dis- 
cussed first. In a bipolar Brush dynamo the 


. Opposite bobbins are connected in series. 


This, of course, engages two of the four ends 
of the two bobbins and the other two ends 
are connected to a two-part commutator, 
Thus there are as many two-part commuta- 
tors as there are pairsof bobbins. If there 
are eight bobbins there will be four commu- 
tators, if twelve, six, and so on. It may be 
added that six is the Jargest number of com- 
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mutators yet used on any Brush open coil 
arc dynamo. 

These commutators are grouped together 
in pairs, one set of brushes bearing on two 
commutators, thus connecting them in mul- 
tiple. The gap space in these commutators 
is very wide and is bridged with a block of 
lignum vitae. The gaps are so set that they 
are practically at right angles to the radial 
line passing through the coils to which they 
are connected. As the coils are placed at 
equal angular distances about the ring, the 
commutators are also spaced at equal angu- 
lar intervals about the shaft. They are al- 
ways grouped so that any two commutators 
coming to a single brush are at right angles 
to each other. Fig. 2 will give a good idea 
of the connections of the armature and com- 


FIG. 2.—ARMATURE CONNECTIONS OF BI- 
POLAR BRUSH ARC DYNAMO. 


mutators. With this knowledge the attend- 
ant should have no trouble in connecting 
the armature up correctly or discovering an 
error in the connections. It remains, there- 
fore, to describe a few of the improper con- 
nections that are likely to occur and the 
readiest method of detecting and remedying 
them. 

It may be added that improper connec- 
tions are accompanied by furious and incur- 
able flashing, refusal to generate, or refusal 
to give the maximum rated voltage. One of 
the first errors in connection that is 
likely to be encountered, is the connection 
of two bobbins in opposition. This will re- 
sult in the machine giving a less voltage 
than the rated maximum. To locate the 
trouble gelect the position of best action, 
shown in Fig. 2, and hold opposite the bob- 
bin in that position a small pocket compass. 
Pass a current through the armature, being 
careful that it does not pass through the 
field magnets also. It is better to short cir- 
cuit the fields by the switch provided for 
that purpose. When the current is estab- 
lished in the bobbin under test, the needle 
of the compass will deflect. Slowly rotate 
the armature and test each bobbin succes- 
sively as it reaches this position of best ac- 
tion. The deflection due to all of them 
should be the same, and if any produce an 
opposite deflection their terminals should 
be reversed. This method might be em- 
ployed for similar errors with respect to the 
Thomison-Houston arc machines. 

Another cause of the machine's failing to 
generate its full voltage is the short circuit- 
ing of a bobbin. Its self induction is so 
great that the current generated in it will 
not burn it out with anything near the 
promptness that the low resistance coil on a 
constant potential machine would under 
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similar conditions. The faulty coi] may be 
detected in the same way that the other case 
of reversed connections is discovered. With- 
out moving the compass, try each bobbin 
successively. Note the magnitude of the 
deflections. It will be pretty safe to assume 
that if a bobbin produces a notably less de- 
flection than any of its fellows, the current 
being constant, it is probably short circuited 
in all or a part of its turns. 

Sometimes the wrong bobbins are con- 
nected to one of the commutators. To test 
this, ring from the bobbin on the armature 
to the commutator with a magneto. The 
wire of the magneto may be wound upon a 
sharp knife, and pressing its edges against 
the insulated wire of the bobbin will make 
sufficient contact with the wire for the pur- 
poses of this test. Be sure that the brushes 
are removed, for they connect the bobbins 
together in a very confusing and variable 
manner. Bearin mind that if one bobbin 
rings to a certain commutator, the next 
bobbin on the armature should ring to the 
commutator in next angular order on the 
shaft, and that as the test continues, the 
commutators advance in lead with the bob- 
bins. Two adjacent bobbins should never 
ring to two adjacent commutators. Oppo- 
site bobbins should ring to the same com- 
mutator. 

The four pole machine, which is now more 
generally used than the bipolar type, is not 
quite so simple. Each commutator has four 
plates, and the two free ends of four bobbins 
equally spaced about the armature and in 
series are connected to two adjacent plates 
of this commutator. These plates are con- 
nected each with the plate directly oppo- 
site by a small piece of wire. This is 
called cross-connection. The four bobbins 
of a set are go degs. apart. As there are 
six commutators, there are twenty-four bob- 
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FIG. 3.— ARMATURE CONNECTIONS OF 4-POLE 
BRUSH ARC DYNAMO. 


bins; the bobbins advance around the shaft 
by twenty-fourths, and so do the commuta- 
tors to which they are connected. Commu- 
tators at 45 degs. with each other are grouped 
together under the same brush. They come 
in pairs. For simplicity Fig. 3 shows but 
eight bobbins connected to one pair of com- 
mutators. The brushes of this machine are 
set onthe quarter. Errors in connecting up 
the coils out of conjunction are discovered 
and remedied in precisely the same way as 
on bipolar machines. Errors in connecting 
the wrong coils to the wrong segments can 
be found by testing with a magneto and 
carefully noting how the coils should be con- 
nected. The same remarks as were made 
with respect to bipolar machines apply, with 
the exception that bobbins in electrical cir- 
cuit are on the quarter as well as on the half, 
and that every set of bobbins comprises four 
instead of two. 
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THE STEAM ENGINE INDICATOR CARD. 


A correspondent asks, why, in measuring 
pressures on indicator cards, the length of 
line cut off between the steam and exhaust 
the same card is used, instead of, as in Fig. 
1, the length between the steam line of 4 
and the exhaust line of B. He adds that, 
since the piston when card 4 is being 
drawn, has behind it the back pressure of 
card #, the real unbalanced presure is 
represented by the length of line cut off 
between the steam line of one card and the 
exhaust line of the other. 

The point is a good one to bringup. There 
may be a very considerable difference in the 
lengths of the ordinates measured according 
to the second method, but the average value 
of the lengths is the same by either method. 
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If we wished to know the horse power separ- 
ately of either side of the piston, then the 
second method would be absolutely neces- 
sary, but as only the average horse power of 
both sides of the piston is required, this is 
obtained as correctly by one method as by 
the other. The reason of this will be made 
plain by reference to Fig. 1, and by adding 
together the lengths of lines according to 
both methods. Thus, ~ 


First method. Second method. 


Card A dbc+cd bc : 
Card B abst be ab: bcted 
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From the above it will be seen that while 
the value of the pressure as given by the first 
method applied to card 4, is too great by the 
length of e d, on the other hand it is too 
small by the same amount ¢ d, for card B; 
one thus corrects the other and the aver- 
age remains the same. At any other point 
of the stroke the same reasoning applies. In 
some engine calculations, however, as in de- 
termining crank torque, the second method 
must be used. 

As shown in the August number, the ideal 
line of expansion of an indicator card may 
vary widely in shape and location from the 
actual expansion line. Yet almost invari- 
ably writers on indicator cards give methods 
for determining the point of cut-off, the 
clearance and the consumption of steam per 
I. HP, which, in fact, are based upon the as- 
sumption that the ideal and actual expansion 
lines coincide. This assumption is never 
true, and even in a perfect engine would not 
be true if the ideal hyperbolic expansion line 
were used, as steam in expanding follows a 
curve different from the hyperbolic curve. 

Equally fallacious is the teaching of such 
writers that by drawing the ideal curve 
(which they usually wrongly designate as 
the “theoretical” curve), leakage of steam 
may be detected. The card of Fig. 2 was 
taken from a new engine by the makers in 
their shop, the engine, of course, having 
been thoroughly tested for leakage. Ac- 
cording to the method for testing leakage 
just referred to, the piston of this engine 
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was in a woful condition, for near the end of 
the stroke the card shows the cylinder to 
contain only about two-thirds of the steam 
that it should if their method is correct. If, 
however, there had actually been a valve 
leakage considerable enough to bring up the 
actual ideal expansion line to the ideal line, 
the engine would have been pronounced 
not only in good condition, but praised for 


its excellent steam performance. Leaving 
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p = pressure above atmospheric line at 
chosen point of stroke of card. 

P= mean pressure of card. 

f= ratio to whole stroke, of stroke to point 
of pressure $. 

c= clearance. 

The card in Fig. 3 is from a 22 in. by 48 
in. Corliss engine making sixty revolutions 
per minute, the scale of the card being forty 
pounds, and the clearance four per cent. 
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FIG. 2.—METHOD OF DETERMINING POINT OF CUT-OFF. 


aside exceptionally good Corliss engines, it 
may be accepted that the ideal expansion 
line cannot be depended upon for determin- 
ing leakage with any degree whatever of re- 
liability. | 

A method given by some writers for de- 
termining clearance is based upon a similar 
construction to that shown in Fig. 2 (ex- 
plained in detail in the August issue), but 
applied to the compression line. We have 
seen what absurd results that construction 
gives inthe determination of the point of 
cut-off, which comes at 4, B, Cor D, ac- 
- cording to the point which has been chosen 
on the expansion line. As the same prin- 
ciples apply in determining the clearance, 
similar divergences are met with, so that it 
would be mere waste of space to describe 
the method. 

It may be asked, What method, then, is 
there for determining piston or valve leak- 
age from the indicator card? This may be 
done with some degree of reliability by mak- 
ing from time to time the calculation, ex- 
plained in detail in the July number, for 
determining the indicated consumption of 
steam per hourly horse-power, and then 
comparing results with previous calcula- 
tions. For this purpose about the same 
point of the stroke of the card should be 
used each time, and the comparisons should 
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be made between cards of nearly equal horse- 
power. 

In order to give a direct illustration of this 
method, an example will here be calculated. 
The reader is referred to the July number for 
a full explanation of the method and for the 
derivation of the formula. 

The indicated pounds of water per horse- 
power hour may be obtained from the form- 
ula: 


where 


(.04). Adding up the ordinates on a slip of 
paper, we find their total length to be 
eleven inches, which corresponds to a mean 
pressure (7) of 23.28 Ibs. Let Z be the 
point chosen for calculating the indicated 
steam consumption. Measuring, we find 
D B to be one-quarter inch above the atmos- 
pheric line, and therefore corresponding to 
ten pounds pressure (f). The length from 
A to C measures 3!4 ins., and from 4 to B 
2% ins.; the fraction of stroke (7) is then 

AB 

aic 9 
The clearance is given at .04. 

Now substituting in the above formula, we 
have 
35-47 (10 + 14.7) (-603 +.04) __ 
23.28 
35-47 X 24.7 X -643 — 24.2 
23.28 

indicated pounds of steam per hourly horse- 


power. 


A 


INDICATED STEAM CONSUMPTION. 


By laying down on the card of Fig. 3 the 
ideal expansion line according to the method 
given in the August number, it will be 
found to very nearly coincide with the ac- 
tual expansion line, and therefore the 
amount of steam indicated in this case is 
probably little less than the actual consump- 
tion. This coincidence, however, rarely 
occurs. As, however, the divergence of the 
ideal and actual expansion lines is a measure 
of the efficiency of an engine (provided there 
are no leaks), it is instructive to lay down 
the ideal line for that reason. 
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REPAIR OF ELECTRIC RAILWAY 
APPARATUS. 


BY W. E. SHEPARD. 


THE GENERAL ELECTRIC MOTOR. 


The G. E. 800 motor is one which has, 
during the past two years, come into very 
general use throughout the country. In 
many respects similar to its immediate pre- 
decessor, the W. P., it is, however, more 
completely encased and protected more 
thoroughly from dust and moisture. The 
bearings are also of much better design. 

The W. P. is arranged with but a single 
field-coil bolted to the upper half of the 
motor frame, with a corresponding, ‘‘ conse- 
quent,” polar projection at the bottom. 
The G. E. has two field-coils, one bolted to 
the upper and one to the lower half of the 
frame, each producing the same polarity; 
the opposite poles are formed, one on either 
side of the motor, the frame or casing of the 
motor, when thrown back, dividing along 
the center lines of these consequent pole 
faces. 

Three types of G. E., motor have been de- 
signed for the more usual street railway 
work, the G. E. 800, 1000, and 1200. The 
former is the first put out by the General 
Electric Company, the latter two being 
modifications, more or less, from the orig- 
inal design. 

The G. E. 800 motor, shown in Fig. 1, 
has a number of parts which it will be of 
interest to consider. Its repairs are not con- 
fined to any particular member, but are 
rather general. The original motor was de- 
signed with a ring armature. Not many of 
these, however, were put out, the ring being 
superseded very shortly by the drum form. 

Occasionally a shaft may become loosened 
—the body of the armature, moving slightly 
back and forth on the shaft. When this is 
the case, there is no satisfactory remedy 
other than the replacing of the shaft by a 
new one. Care should be taken, however, 
that the new one is larger than the standard 
diameter (24 ins.) by an amount depending 
upon the degree of looseness of the shaft. 
The new shaft may be driven home by 
means of a heavy sledge and flatter or, 
better, by a hydraulic ram. In the latter 
case a pressure not to exceed ten nor less 
than five tons will insure a secure fit. 

The shafts of the G. E. 800 motor are all 
removable by first drawing off the thrust- 
ring at the end of the shaft near the commu- 
tator, and then sledging or pressing on the 
end of the shaft next the commutator. This 
is a very considerable advantage over some 
other types of motors, and frequently comes 
into use in cases of sprung or bent shafts, 
allowing, as it does, of easy repair of shaft 
and return to its original place without any 
harm or damage to the windings of the ar- 
mature, which in no way have to be dis- 
turbed. 

The bearings fitted with most of these 
motors are of the cast-iron, babbitt-lined 
style. The pinion end is 2% ins. X 6 ins., the 
commutator end 2% ins. X 4% ins., each lub- 
ricated by grease fed to the bearings from 
pockets, by gravity only. 

These bearings are the most vital part of 
the motor and will bear the most constant 
watchfulness. A superior grade of mineral 
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grease is best, and the pockets should be in- 
spected and filled at least every second or 
third day, and the first of each month they 
should be thoroughly cleaned. That is, all 
the old grease should be removed and put 
into the gear casings, the pockets washed 


FIG. I.—G. E. 800 ELECTRIC RAILWAY MOTOR. 


with two or three spoonfuls of kerosene and 
filled with fresh grease, the slots through 
which the grease feeds being carefully picked 
free of any grit or hardened substance which 
may have lodged in them. 

When these precautions are taken and 
carefully carried out month after month, if 
the babbitt is of thoroughly good quality, 
and the bearings are properly fitted to the 
shaft they are to run with, every babbitted 
bearing will wear with entire safety for a 
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composed of 105 coils, each coil consisting of 
three turns of No. 10 wire. Later the grooves 
in the armature core were deepened and 
coils of No. 10 wire, each four turns deep, 
were used. The more recent are made up of 
No. 9 wire of four turns to the coil. 

All of the 105 coils which go 
to make up a complete arma- 
ture are exactly alike, being 
wound on a former and shaped, 
after the Eickemeyer plan, in 
such a way that they interlock 
and overlap each other, one-half 
of each coil appearing in the 
outer layer and outer head, the 
other half being beneath in the 
bottom of the slot, and form- 
ing the inner head. 

The earlier armatures were 
connected to the commutator 
through short lengths of flexi- 
ble cable. The advantage of 
such connection is that in event 
of a commutator becoming 
loose on the shaft, the vibra- 
ting motion resulting will not 
break the leads and so result in 
an open or broken circuit in the 
armature. The later armatures 
do not use this flexible lead, 
the wires from each coil being 
carried direct to the commutator, thus 
doing away with an exceedingly awkward 
splice and rendering the work of connect- 
ing much more easy and simple. As a 
well fitted commutator will very rarely be- 
come loosened on its shaft, this method 
should introduce no objectionable results. 

In the G. E. 800 motor the field-coils work 
under unusually severe conditions. There 
being but two of them, in the event of one 
becoming damaged by a ground or short cir- 
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has been found to very greatly aid in pro- 
tecting the coil, and besides protects the ar- 
mature from one source of exceedingly severe 
strains. 

The later motors are also built with the 
armature shaft tapered for fitting to the 
pinion. This will be found a decided advan- 
tage over the older method so long em- 
ployed, of shrinking the pinion on toa cyl- 
indrical shaft. Where the cylindrical shaft 
is used, considerable difficulty is sometimes 
experienced in removing a pinion, a very 
powerful pinion puller being required to 
start it; besides, the repeated drawing off of 
a tight fitting pinion rapidly lessens the 
diameter of the shaft, so that, finally, a 
standard pinion will no longer remain se- 
cure, and as a result the older shafts must 
be thrown away or else a smaller and odd 
bore adapted for the pinion. 

This latter difficulty may be greatly less- 
ened, although it cannot be wholly over- 
come, by making a heavy cut along the 
pinion between two of the teeth just over 
the key-way, by means of a blacksmith’s 
side chisel and a heavy sledge. Such a cut 
will be found to spread the metal of the 
pinion and it may then be drawn off much 
more readily with correspondingly less fric- 
tion and wear on the shaft. Where the 
later type of taper pinion and sleeve is used, 
it is best to warm the pinion slightly, not 
quite ‘‘ sizzling hot;’’ then putting in place 
and drawing up snug by means of the heavy 
nut on the end of the shaft. 

One matter which will be found to give a 
good deal of trouble is the loosening up of 
various bolts of the motor. As sent out, 
most of these bolts have been secured by a 
single nut and a cap nut-lock with split pin. 
The latter does not prove reliable and should 
be taken off and replaced by a good split- 


period of three months’ constant use, or a 
distance of between ten and twelve thousand 
miles, irrespective of time. When a bearing 
has covered this distance, it can well afford 
to be taken out and replaced by a new one. 
Some prefer to cast bearings to the size of 
shaft on which they are to run; the better 
way is, however, to cast them considerably 
smaller in diameter and then turn them up 
in a lathe to the exact size of the shaft, since 
a truer and more reliable result will be ob- 
tained in this way. 

Armatures of several different windings 
are used in these motors. The earlier was 
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cuit, the magnetic field of the motor becomes 
greatly weakened and unsymmetrical and, 
unless the injured motor is at once cut out 
of circuit, the remaining coil and the arma- 
ture are almost certain of injnry. The loca- 
tion of the lower field-coil increases the lia- 
bility to this trouble, as it is placed flat down 
on the bottom of the motor where oil and 
moisture collect in spite of any precautions 
which may be taken. The later motors sent 
out from the factory have the lower coil in- 
cased in a wrapping of sheet lead, which is 
carefully soldered along the seams, forming 
a moistyre-proof sheathing for the coil. This 
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washer, which will insure a much more se- 
cure fastening. 

These motors are so designed that the 
armatures must, in all cases, be removed 
from above. That is, the top and bottom 
halves of the motor are hinged together, and 
in order to remove the armature, the top 
half is thrown back and the armature lifted 
up into the car body and then carried out 
through the door of the car. A wooden 
horse or tripod is usually employed to raise 
the armature; a plank is then placed under 
it and the armature lowered into a cradle in 
which itis rolled out to the door, 
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A much more convenient method will be 
found that shown in Fig. 3. A long heavy 
boom is supported from a stiff beam firmly 
secured at the end of one of the tracks, a 
light block and tackle being hooked to the 
extreme end of the boom. The car is run 
over the pit until the block and tackle is di- 
rectly over the armature, the boom project- 
ing through the door; the armature is then 
raised and the car run back by its own 
power, leaving the armature suspended 
ready to lower down on a wagon or be hooked 
to an overhead traveling crane. 

With this arrangement one man and a boy 
can easily take out both armatures from a 
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FIG. 4.—METHOD OF REMOVING ARMATURE. 


car, leave them on the floor to be cleaned 
and dressed up, and replace them with two 
new armatures with new bearings in an 
hour’s time. 

The G. E. 1200 is designed very much 
after the plans of the G. E. 800. It is, of 
course, very much heavier than the latter, 
its weight being 2700 lbs. without gears or 
gear covers, while the G. E. 800 is 1550 Ibs. 
It has the same arrangement of two field 
coils, one placed at the top, the other at the 
bottom of the interior of the motor, with 
similar consequent poles coming midway at 
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FIG. 4.—ARMATURE OF G., E. 800 MOTOR.. 


the intersection of the top and bottom halves 
of the frame. . 

The armature is similar in detail to the 
G. E. 800 except that it is longer and is 
fitted with a larger commutator, the fatter 
being arranged with two brushes in each of 
¥ two brush holders in place of one as in 
the other motor. The bearings are bab- 
bitted and, like the G. E. 800, the two halves 
of the frame are binged and the armature 
arranged to be taken out from above. The 
motor is, of course, much more powerful 
than the G. E. 800, but is not of so high a 
speed. 

The latest motor designed by the General 
Electric Company is the G. E. 1000, which 
is intermediate to the preceding. The 
total weight of this motor is 1950 lbs. 

It is designed on somewhat different lines 
from the others, having four ‘‘salient’’ poles 
instead of two salient and two consequent 
poles, and in this way a rather better bal- 
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anced field is assured. The four field pro- 
jections with their four corresponding coils 
are placed, not flat down on the bottom of 
the motor, but on an angle of 45 degs., one 
on either side of the center of the top and 
bottom halves of the frame. In this posi- 
tion, whatever of moisture may find its way 
into the interior will run down away from 
the field-coils to the lowest point, which 
comes between the field-coils, thus rendering 
the coils much less exposed to the moisture 
and possible damage. 

Also, in event of a coil becoming dam- 
aged, there is less liability of injury to the 
armature and remaining three coils, since 
the field is divided into smaller units. The 
heating of the coils also is divided over a 
greater surface than in the two-coil motors. 

The bearings are quite similar to those of 
the G. E. 800, are babbitted and so arranged 
as to allow of the use of either grease or of 
oil as a lubricant. 

The brush-holder is much improved over 
the old form. They are hung so that the 
brushes are held radially to the commutator 
and do not have to be beveled as inthe G. E. 
soo; the yoke receives a special insulating 
treatment and is finished in enamel. This 
will prevent the adhering of fine particles of 
carbon and copper dust to the holder and a 
consequent breaking down of its insulation. 

The armature of this motor is constructed 
quite similarly to the G. E. 800, being what 
is known as ‘“‘ slot,” wound, It has, how- 
ever, but ninety-three coils of four turns 
each in place of 105 as in the other; one 
terminal of each coil is brought out at the 
center of the coil instead of at the corner, 
so that the removal of an injured coil is con- 
siderably facilitated. 

A special ‘‘ yoke,” arrangement is made 
for the support of the motor whereby a bal- 
anced suspension is secured, tending to pre- 
vent the heavy pound upon the track which 
is usual with motors having the 
older style of suspension. 

This motor gives promise of be- 
ing a very superior machine. It 
has not been in service yet suf- 
ficiently long to demonstrate just 
what it will be able to endure 
under the exceedingly severe usage 
of modern traction practice, but it is 
a decided improvement in many 
points and will prove to be a 


very satisfactory motor. 
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X-Fakes. 


Our French contemporary L'/ndustrie 
Electrigue states that one of the leading 
hatters in Paris is selling an ‘electrical 
leather,” an advertisement of which reads as 
follows: ‘‘To preserve the sight, to re-es- 
tablish it in a few weeks if weakened, to 
avoid headaches and dizziness by means of 
your hat—this can be done by applying to 
the head band of new or old hats, our X- 
elements, the positive pole of which has a 
gold base.” A new medicine is at present 
being advertised under the name of X- 
ode; the advertisement opens with a sentence 
referring to the wonders of the X-ray, and 
then gives a list of diseases that will be cured 
by the new remedy, which is described as 
electrical in its origin—the connection, how- 
ever, between the X-ray and X-ode not being 
stated. 
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HOW TO COMPOUND A SHUNT DYNAMO. 


There often arise cases where it is desirable 
to add compounding coils to a shunt dy- 
namo. It may be that new compound ma- 
chines are added to the plant, and it is there- 
fore desirable to run in multiple therewith 
the shunt dynamos already installed. 
Again, it may be that in an isolated plant, 
the engineer has become tired of adjusting 
his rheostat to the varying loads and is in 
search of something better. 

A shunt dynamo can be compounded with 
great facility It is not necessary to know 
the number of turns on the shunt spools. 
The magnetic circuit is already properly 
designed for the purpose, for the compound- 
ing is to accomplish a regulation previously 
done by the hand rheostat. It is not neces- 
sary even to move the machine from its loca- 
tion in the dynamo room. 

The necessary appliances for compound- 
ing a shunt dynamo are as follows: A suffic- 
iency of well insulated wire heavy enough 
to carry the entire current load, some adhe- 
sive tape, some stout hempen cord (half 
marline will answer), and a kit of soldering 
tools. Besides this, only a knowledge of 
the amount of over-compounding is neces- 
sary. 

For the benefit of those not conversant 
with compounding, it may be stated that its 
theory is briefly as follows: As the current 
in the network of supply wires increases, 
more and more voltage is required to force 
this increased current through these wires, 
and also through the wire on the dynamo 
armature. If no means of regulation are 
provided, this voltage will be taken from 
that of the lamp terminals. Now it is very 
desirable, for a number of reasons, that the 
voltage of the lamp terminals be maintained 
constant, and equal to the rated voltage of 
the lamp. Therefore, these extra volts 
must be supplied by the dynamo in propor- 
tion as the load increases. If the dynamo is 
so wound that the action of the compound- 
ing coils just compensates for the extra 
volts necessary to push the current through 
the armature of the machine, the voltage at 
the terminals of the machine will be a con- 
stant quantity. The dynamo is then said to 
be compounded simply. If, however, the 
compound coils are wound so that as the 
load comes on the voltage at the dynamo 
terminals rises a sufficient amount to make 
up forthe loss in the wiring system, then 
the dynamo is said to be adjusted or over- 
compounded for a certain per cent. loss, ac- 
cording to what percentage of the lamp volt- 
age this line loss may be. 

Let us assume a case very likely to occur— 
that of an enterprising engineer of a smal 
isolated plant, who wishes to compound his 
dynamos. He has been recently put in 
charge of the plant, and therefore knows 
nothing of the loss in the line, or in the 
armature of the machine. These, and other 
points, are the things he must discover. To 
handicap our engineer still further, he has 
but one voltmeter and one ammeter, and 
these are fast to the switchboard. We will 
assume that the voltmeter is a first class in- 
strument, for if it is inaccurate, the com- 
pounding cannot be satisfactorily done. In 
such a case a voltmeter that is reliable must 
be borrowed or otherwise procured. 
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The first step is to determine how much 
the dynamo is to be over-compounded. To 
do this a flexible lamp cord must be pro- 
vided, with a plug attachment at each end. 
It must be fifty feet or more long, for it will 
be necessary to string it from room to room 
about the building. This cord can probably 
be secured from the engineer’s stock, and 
may consist of a number of cords pieced to- 
gether; as it will only be used for this one 
purpose and then taken down, a coil of new 
cord will not be injured in the least by such 
service. 

Select a circuit that runs to somewhere 
near the center of the system, and that has 
as few lamps on it as may be. Be sure that 
all of these lamps are turned off. Call this 
circuit 4. It is evident that a suitable time 
must be chosen for this experiment, in order 
that the service be not interfered with. Start 
the dynamo and throw in enough circuits to 
give ita full load. The circuits should now 
be tested in order to ascertain the drop. To 
do this select any one circuit and make sure 
that all but one of the lampsare on. At this 
socket, which should be ata position about 
midway in the circuit under test, plug in the 
cord already described. Carry the other end 
of the cord to the nearest socket on the cir- 
cuit selected first and plug it in there. 

Returning to the dynamo room, take the 
terminals of this circuit, 4, thus tied to the 
active circuit under test, and bring them 
down to a small switch, shown in Fig. 1. A 


FIG. I.—CIRCUIT SWITCH. 


double-pole, double-throw, baby knife switch 
will answer better than almost anything else. 
Of course, circuit 4 must not be thrown in 
on the bus bars. 

Make the connections as shown in the 
sketch, and the reading is ready to be taken. 
Be sure that the dynamo is fully loaded, and 
throw the switch on to circuit 4. Note the 
voltmeter reading and by means of the rheo- 
stat adjust the dynamo voltage till the volt- 
meter reads the rated lamp voltage, say, 110 
volts. Quickly reverse the switch, throwing it 
on to the bus bar, and it will at once be noted 
that the voltmeter reading rises. This read- 
ing should be carefully noted and recorded. 
Repeat the experiment several times, being 
sure that the reading from circuit A is 
always 110 volts, and thus assure yourself 
that the dynamo voltage did not vary while 
the readings were being taken. 

One common error should be guarded 
against. The mean of several readings on a 
circuit will not give the best results. The 
difference in voltage sought is a definite 
quantity, and unless the conditions are al- 
tered, either by a change in the dynamo 
voltage while the reading is being taken, or 
the turning out of lamps on the circuit under 
test, the readings will be the same. There- 
fore, the reading that checks in greatest 
number, is probably the best, and should be 
used. 
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In a similar way the other circuits should 
be tested. It may be necessary to change 
circuit 4 occasionally, in order that the lamp 
end may reach from socket to socket, and in 
such a case the wires of the double-throw 
switch coming from circuit 4 may have to 


FIG. 2.—CIRCUIT CONNECTIONS. 


be crossed in order to make the voltmeter 
deflect the right way, for lamp sockets are 
wired without reference to positive and neg- 
ative wires. 

The mean of the best readings of all of the 
circuits thus tested is the voltage that the 
dynamo should have at full load. The dif- 
ference between this reading and 110 is the 
volts loss for which the dynamo is to be 
over-compounded, and the percentage this 
difference is of 110 is the per cent. of over- 
compounding. For the sake of a figure, say 
that this mean is 115. Then the dynamo 
voltage must be five volts higher at full load 
than at no load, for at no load the voltage 
should be 110. 

It will be easy to see by consulting Fig. 2, 
that circuit 4 was simply a convenient 
means of connecting the voltmeter to the 
middle point of the circuit under test. Al- 
though circuit 4 may be made longer than 
the one that is tested, the current taken by 
the voltmeter is negligible, and the drop is 
practically the same as if the voltmeter were 
carried to Æ and there attached. This 
method of carrying the voltmeter about 
would be worthless, for while the change 
was being made the dynamo voltage would 
probably change. 

Having determined just how much the 
dynamo is to be over-compounded, all is 
ready to undertake the process itself. There 
are two distinct ways of doing this. One is 
to wind on more wire than necessary, and 
reduce its effect by shunting, and the other 
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FIG. 3.—COMPOUND DYNAMO CONNECTIONS. 


is to wind on wire turn by turn till the de- 
sired result is secured. Although this latter 
process is by no means as laborious as would 
at first be imagined—for the number of turns 
that a good dynamo will require is very few— 
the method employing the shunt is to be 
preferred. 

With the method using no shunt, the coils 
must be put on one after another, and coiled 
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loosely about the field magnet till the proper 
number has been found. They must then be 
wound tightly on in a neat permanent job. 
With the shunt method the coils are tightly 
and permanently wound on in the first place, 
and the length and thickness of the shunt 
is varied to obtain the result. This method 
has the added advantage, that at any time 
the machine can be adjusted to suit any line 
loss, within reasonable limits, without re- 
winding. In fact, the shunt method is so 
far superior that it only will be described 
here. The other can be practiced if desired 
by any who understand the shunt method, 
for aside from the means of variation of the 
compounding, the metbods are alike. It 
may be added that if varying the turns is 
used, it is better to use flexible cable than 
stiff wire. 

The connections of a compound dynamo 
are shown in Fig. 3. The only difference 
between a compound dynamo and shunt 
dynamo is the addition of a series coil, S. 
The shunt, C, is used to deflect more or less 
current from the series coil, and its construc- 
tion will presently be described. 

The first thing to do is to wind the coarse 
wire on in such a way that it will correspond 
in its magnetizing power tothe shunt coil. 
It is to be understood that however it may 
be wound on, it can be connected so as to be 
electrically correct, but might cause the con- 
nections to be unsymmetrical, and introduce 


too many wires about the machine. It is 
more workmanlike to ascertain beforehand 
exactly how things are tocome, in order that 
the most simple arrangement of connections 
may be employed. 

It is customary to have the series coil on 
the positive side of the machine. Therefore 
with the voltmeter, determine which side of 
the machine is positive, and with a compass 
determine which pole is north, the north 
pole of the dynamo being that which repels 
the north pole of tne needle. The direction 
of the winding on any magnet limb may 
then be determined by placing the clenched 
right fist alongside the bobbin with the 
thumb pointing toward the north pole. 
The fingers will then indicate how the cur- 
rent should flow, as shown in Fig. 4. Re- 
membering that the current enters the series 
coil from the positive pole, and emerges 
therefrom at the positive terminal of the 
machine, the rest should be easy. 

There are several important points to be 
kept in mind in winding the coils on various 
forms of field magnet. In machines having 
more than one magnetic circuit, whether 
bipolar or multipolar, the series coils should 
be wound equally over each of them. It 
will also be well to remember that it makes 
no difference where on the magnetic circuit, 
the coils are wound. They may surround 
the yoke piece or the shunt bobbins with 
identical results. 
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Fig. 5 illustrates a number of common 
types, showing where series coils may be 
wound. a, 6,c and d, of Fig. 5 are single 
magnetic circuits. On such circuits it 
matters not where the coils are wound. 
They may even be wound out of balance, as 
in c, and yet not sensibly affect the result. 
Such cases as these are the simplest that 
will be encountered. 

The forms of field magnets shown in dia- 
grams e and f, must be wound with more 
care. In the case of f§, the number of coils 
on each spool must be the same, for if as 
shown, with five coils on one side, and three 
on the other, the two magnetic circuits 
would not work in harmony. When run- 
ning two machines in parallel, they must 
have the same potential, and similarly, when 
two magnetic circuits feed the same pair of 
pole pieces with lines of force, they must 
have the same magnetic potential, and in 
such cases as those just shown, the only 
way to secure this is to equalize the number 
of turns on each magnetic circuit. 

If the machine be wound as in e, the coils 
surround the resultant magnetic circuit, or 
the part that is common to both. They 
therefore do not need to be exactly equal in 
number on the two pole pieces. However, 
if they are equal the field is a little more sym- 
metrical, and for the sake of mechanical 
symmetry, an equal number of coils is advis- 
able. It may be noted that in the cases of 
ce and /,a turn is twice as effective when 
placed as in e, than it is when placed as in 
f. Theoretically it is twice as long also. 
Types g and # are common ones, and may 
be considered as two magnets acting on the 
same pair of pole pieces. They must be 
equally wound with series coils, whether the 
latter are wound on the yokes as in 4, or on 
top of the shunt coils asin g. Types 7 and 
7 are simply e and /, modified to multipolar 
forms, and the same remarks apply as re- 
gards balance and relative effectiveness of 
the positions of the coils. If these diagrams 
are carefully studied, there should be no 
difficulty in solving other problems that may 
arise. 

Having determined how the wire shall go 
on, the next thing is to decide how much to 
put on, and this must in a measure be a mat- 
ter of estimate. If the machine can be regu- 
lated from no load to full load with a few 
buttons of the rheostat, it is probable that 
but few series turns will be actually neces- 
sary. If, on the other hand, the rheostat re- 
quires to be cut out to a great extent for reg- 
ulation purposes, it is hkely that a goodly 

-number of series turns will be needed. Of 
course this estimate is modified by the kind 
of rheostat, and whether the resistance cut 
out per button be large or small in number. 
If the number of shunt turns are known, the 
number of series turns can be exactly deter- 
mined by experiment. 

It is an excellent idea to secure some flex- 
thle cable aud wind it loosely about the mag- 
nets, connecting it in series with the ma- 
chine. If, as we assumed, the machine is to 
vary in voltage from tro at no load to 115 at 
full load, the turns should be wound on, tH 
the machine does this without touching the 
rheostat. This gives the exact number of 
turns that would be required. Take for in- 
stance the case of 6 (Fig. 5). Suppose that in 
the preliminary experiment just cited, ten 
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turns were found to be sufficient to accom- 
plish the result. By measurement eighteen 
turns would just fill one layer across the 
spool. It would then be advisable to wind 
on the full eighteen turns, for it would make 
a neater looking job and give a nice margin 
in case the machine needed to be com- 
pounded for a higher rise in voltage at any 
time. 

Even if forty or fifty turns were required 
to make a layer it would be well to put them 


FIG. 5§5.—COMPOUND WINDINGS. 


on, for the job would be much more sym- 
metrical, and the added expense would be 
trifling, unless the machines were very large. 
A fraction of a layer on the top of the shunt 
bobbin gives it the appearance of an ama- 
teur’s job. 

If the wire be wound upon a separate part 
of the magnetic circuit, asin a, 4, e, hor i, it is 
always better to wind them thus if possible, 
for otherwise the shunt coil is liable to be 
damaged in winding the heavy series wire 
upon it. In case the shunt spool is excess- 
ively long and it is desired to wind upon it 
the series coil, it will be found convenient to 
make the series coil of a number of finer wires 
in parallel rather than one large one. This 
has the advantage of being easier to wind and 
less liable to damage the shunt coil in wind- 
ing, and also makes a broad conductor which 
covers the shunt spool very guickly, and 
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does not involve so many extra turns. After 
a margin of ten per cent. of over-compound- 
ing has been reached, any extra turns should 
be avoided if this can be done without sacri- 
ficing the symmetry of the finished job. 

The actual winding on of the coils should 
be carefully done. Ifthe series wire is to be 
wound on top of the shunt coil, care should 
be taken that the latter is amply pr-tected 
by heavy paper. In starting and finishing, 
the ends of the coil should be secured to the 
adjacent convolution by many turns of strong 
cord evenly wound over the two wires. The 
better way is to wind in a number of pieces 
of cord as the winding reaches the last turn 
and they will then be ready to knot together. 
The ends of the coils should be provided 
with terminal lugs securely soldered. These 
terminals can be bolted to corresponding 
ones from the dynamo binding posts with a 
single bolt, thus making excellent contact, 
or they may be bolted on to the terminal 
studs of the machine. Each bobbin should 
be so provided with terminals, and the con- 
venience which will result whenever the 
machine is taken apart, will be appreciated. 

Having completed the series coil, and 
properly connected it into circuit. it remains 
to adjust the shunt, and the work is complete. 
The shunt may consist of a number of Ger- 
man silver ribbons, and may be of sufficient 
area to carry three-fourths of the full machine 
load without overheating. It is connected 
as in Fig. 3, across the terminals of the series 
coils. Its sectional area is determined as al- 
ready indicated, and it merely remains to de- 
termine its length. This is conveniently 
done by means of a hand vise. One of the 
ends of the shunt should be suitably prepared 
with a terminal, and bolted in position, to 
the terminal of the series coil electrically next 
the brush. The hand vise should be securely 
fastened to that terminal of the machine 
next the series coil. The free end of the 
German silver ribbon may now be clamped 
in the hand vise at various positions until 
the proper adjustment is obtained. The pre- 
cedure is as follows: 

Load the machine, and allow it to run till 
it has gotten thoroughly warmed up, and is 
practically at its running temperature. Then 
throw off all load, and adjust the voltage to 
110. Be sure the speed is the rated speed of 
the machine. Allow the machine to be oper- 
ated ten or more minutes till it has thor- 
oughly adjusted itself to the conditions, It 
is often the case that when adjusted to volt- 
age each adjustment will require to be 
changed shortly, owing to a sluygishness of 
the field magnets. Therefore, wait till the 
voltage has attained a steady value. This 
being done, load the machine to full load, 
being careful to keep the series field heavily 
shunted by a very short length of the Ger- 
man silver ribbon. Note the voltage. It 
will, probably, be only slightly over 110, and, 
possibly, less than that value. Throw off 
the load, and try again with a longer length 
of series shunt, and continue the process till 
the voltage at full load is 115, when the volt- 
age at no load is 110. The shunt should 
now be cut off, and soldered to its proper 
terminal, and bolted in place. After care- 
fully taping the shunt ribbon, the job is 
complete. It will, probably, be found con- 
venient to fold the shunt ribbon zigzag on 
itself, as it will then occupy much less room, 
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A BIOGRAPHICAL HISTORY OF ELEC- 
TRICITY. 


In the history of electricity, Galvani is 
usually assigned a place much beyond what 
the importance of his actual work justifies. 
His real claim to fame restsupon the in- 
spiration which others, and particularly 
Volta, drew from his labors, and not upon his 
discoveries, which he entirely miscon- 
strued, nor upon his theories, which were 
of the kind devised to fit facts rather than 
built up from facts. 

Aloysius Galvani (1737-1798) was a pro- 
fessor of anatomy at the University of Bol- 
ogna, a school whose medical course at sev- 
eral periods has held a commanding position 
in Europe. The usual date given for his cele- 
brated discovery of muscular contraction 
produced by electricity is 1786, but re- 
searches in scientific archives at Bologna 
have shown that he began experimenting 
with animal electricity as early as 1771. 

Popular fancy in the day of Gal- 
vani as at present, delighted in an- 
ecdotal accounts of discoveries, and 
in this case we are offered the choice 
of two stories. According to one ac- 
count, while an assistant of Galvani 
was one day skinning a frog from 
which to make a soup for the pro- 
fessor’s sick wife, the latter, who, it 
appears, was supervising the opera- 
tion, noticed that when the scalpel 
touched a nerve, the frog’s muscles 
were agitated. The discovery was at 
once communicated to the husband, 
who was thus led to the investiga- 
tions which have rendered his name 
famous. Another version of this 
story credits the wife with having 
herself started the investigation by 
showing that the removal of a neigh- 
boring static machine did not affect 
the result—an experiment more 
feminine than logical in its concep- 
tion. 

Another story is that one day 
Galvani, after dissecting several 
frogs in order to study their nervous 
system, suspended the carcasses by 
copper hooks from an iron balcony, 
and noticed in doing so that when 
the nerves happened to touch the iron, 
there was violent muscular contraction. 
Like almost all similar stories connected 
with zreat discoveries or inventions, both 
the above tales are most probably apoc- 
ryphal. 

Galvani did not seize the significance of 
his discovery, asis evident from the theories 
he advanced to explain it. According to one 
theory, the motions of the muscles were the 
result of the union,by means of the ‘‘metallic 
arc,” of an exterior or negative charge on 
the sheath of the muscle, with positive elec- 
tricity proceeding along the nerve from its 
inner substance. He considered the charge 
to be a special or animal electricity secreted 
by the brain in the interior of the nerves. 
Another theory which he offered was that 
the muscles are a reservoir of electricity, 
and that each fibre represents a little Leyden 
jar. 

These theories led to much controversy, 
in which Volta took the leading part, main- 
taining that the electricity was of the ordi- 
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nary kind and produced by metallic contact. 
The memoir which Galvani subsequently, in 
1791, published, giving an account of his dis- 
covery, caused Volta to take up the subject of 
electricity, and subsequently, to his inven- 
tion of the voltaic battery, from which in- 
vention modern electricity dates. 

A name, until recently little known in 
connection with early work in electrical 
science, is that of Henry Cavendish (173I- 
1810), of whom Sir Wm. Snow Harris, one 
of the founders of the science of terrestrial 
magnetism, gives the following estimate : 

‘Cavendish had really anticipated all 
those great facts in common electricity 
which were subsequently made known to 
the scientific world through the investiga- 
tions of Coulomb and other philosophers, 
and had also obtained the more immediate 
results of experiments of a more refined 
kind instituted in our own day.’’ In the 
above comparison, ‘‘ our own day,” refers to 
the first third of the present century, and 
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should be accepted as applying rather to 
refined experimentation than to original 
discovery. | 

Cavendish made measurements on the 
relative conductivity of materials, and found 
iron to be 400,000,000 times a better conduc- 
tor than water. This result does not agree 
very well with modern determinations (being 
about 1000 times too small), owing, probably, 
to impurities in the water used by Cavendish, 
The merit of the work of Cavendish, how- 
ever, lies in its anticipation of the scientific 
methods of to-day. Lord Kelvin has said : 
‘“ We do not know a phenomenon until it is 
possible to express it in numbers,’’ and 
Cavindish was the first to extensively sub- 
mit electrical phenomena to numerical de. 
termination, having preceded Coulomb in 
this direction. It was not until the publica- 
tion of his papers by the late James Clerk 
Maxwell that the highly scientific character 
and great extent of the work of Cavendish 
became known. 

Cavendish investigated the condenser and 


173 


found that its capacity is proportional to 
the surface and inversely proportional to the 
thickness of the dielectric. He also em- 
ployed the static spark in determining the 
relative proportions of hydrogen and oxygen 
in water. Exploding, by electrical means, 
various mixtures of these elements (of which 
the latter had just shortly before been dis- 
covered by Priestley) he exactly determined 
the present known proportions. 

As an eccentric character, Cavendish is 
one of the most curious figures in scien- 
tific history. The grandson of two dukes 
(Duke of Devonshire and Duke of Kent) and 
immensely wealthy (he died worth $6,000,000 
—an enormous fortune for that period), he 
avoided all social duties and led the life of a 
recluse, scientific investigation apparently 
forming his sole pleasure. Being morbidly 
shy, he objected to any communication with 
female servants, and ordered hisd nner daily 
by a note left on the hall table. Methodi- 
cal in his habits, he never took a book from 
his magnificent library without leav- 
ing a receipt for it. 

His scientific predilections led him 
to attend meetings of the Royal So- 
ciety, of which he was a member, 
but apparently much to his discom- 
fort, for we read that at such meet- 
ings ‘‘He shuffled quickly from room 
to room, seeming to be annoyed if 
looked at, but sometimes approach- 
ing to hear what was passing among 
others.’’ It has been said of Caven- 
dish that ‘‘He probably uttered fewer 
words in the course of his life than 
any man who ever lived to four-score 
years, not at all excepting the monks 
of La Trappe.’’ 

Though not coming within the 
scope of these articles, two names 
belonging to the period here con- 
sidered may be mentioned on ac- 
count of their ephemeral connection 
with electricity — those of Robes- 
pierre and of Marat, the victim of 
Charlotte Corday. 

In 1783, Robespierre, then a law- 
yer practicing in his native town of 
Arras, France, was retained to defend 
on appeal a suit brought against a 
landed proprietor who had erected 
lightning rod on his house. The use of a 
lightning rod to avert the fire of heaven 
was considered impious by neighbors, who 
were also scandalized at this attempt to 
put into practice the teachings of natural 
philosophy, then as later considered to con- 
flict with Christianity. The lightning rod 
was ordered to be destroyed, but Robespierre 
obtained a reversal of this decision. 

At the recent National Electrical Exhib- 
ition in New York, the magnificent Ben- 
jamin collection of rare books, there dis- 
played, relating to electrical science con- 
tained a volume written by Marat, the trans- 
lation of the title being ‘‘ Research on Elec- 
tricity.” The volume shown was presented 
by the monster of the Reign of Terror to the 
Comte d’Artois, a member of the French roy- 
al family whose reigning head he subse- 
quently brought to the guillotine. Dr. 
Benjamin states that the book is peculiar for 
the looseness of its statements and for the 
impudence of the claims which the author 
makes to the discoveries of other people. 


In the August number it was shown that a 
single wire moving in the air-gap of a bi- 
polar field, has generated in it an alterna- 
ting E. M. F., and it should be added that in 
all commercial machines now in use an al- 
ternating E. M. F. is thus produced in each 
single wire: the commutator of a direct-cur- 
rent machine by combining these alternating 
E. M. Fs. of each wire produces a constant 
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FIG. I.—DIAGRAM OF ALTERNATOR. 


E. M. F. Inthe illustration of the cutting 
of the lines of force of the earth by the axle 
of a railway train, we have an example of 
the direct production of a constant E. M. 
F., and so-called mipolar dynamos similarly 
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Fig. 2. In the August number it was shown 
that the revolution of a wire in a bipolar 
field naturally producesa sine curve of E.M.F. 

Referring to Fig. 1, L represents the field 
frame of an alternator, S and N being the 
poles. M is the armature, and the direc- 
tions of the lines of force are shown by the 
arrows. It will readily be seen that an air- 
gap field, 4 B, corresponds to one of the 
two air gaps of a bipolar machine, as in Fig. 
2,and C D to the other; and that if there 
are twelve pairs of poles, there will be in 
one revolution as many alternations as in 
twelve revolutions of the wires of a bipolar 
machine. It has been seen, however, that a 
wire moving in a bipolar field naturally gen- 
erates a sine E. M. F., but in the case of Fig. 1 
the variation of E. M. F., as shown in the 
lower diagram, is quite different. The wire 
upon entering the field at 4 immediately 
enters a uniform field, cuts lines at the high- 
est rate and continues to do so until at Z, 
when it becomes dead and remains so until 
C is reached; from C to D the lines run in 
the opposite direction, so that the E. M. F. 
is opposite in sign, and at D the wire be- 
come dead again, and so on. By having a 


number of wires in a coil, the form of the 
curve of E. M. F. is changed, and by a 
proper proportioning of the coil, poles and 
teeth (where the latter are used ) any desired 
shape of curve may he obtained. Generally 
speaking, the sine form is most desirable. 
The principles of the generation of E. M. F. 
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at right angles to each other. Each coil 
will generate an E. M. F., but since when 
one is vertical or at position of no E. M. F., 
the other is horizontal, or at position of max- 
imum E. M. F., the coils will, at the same 
instant of time, have different values of E. 
M. F.; that is, the two E. M. Fs. will not 
be in phase—which means that they have 
not the same value at the same igstant of 
time—and the sketch thus represen® a two- 
phased machine. In practice the windings 
are not entirely separate as here shown, but 
the principle remains the same. 

Fig. 4 represevts three independent coils 
equally spaced. As in the case of Fig. 2, 
each coil generates its own E. M. F., the 
value of which at any one instant of time, 
is different for each coil—or the sketch rep- 
resents a three-phased machine. Forreasons - 
that will be apparent later, the two separate 
currents of a two-phased machine may be 
distributed by means of either four or three 
wires, and the three separate currents of a 
three-phased machine are distributed by 
three wires. 

Going back to the generation of a single 
alternating E. M. F., and referring to Fig. 
2, it will be seen that when the coil 4 7 
is vertical, no lines are being cut, which 
corresponds to the point O on the curve 
below ; when the coil is horizontal, it is cut- 
ting at a maximum rate, which corresponds 
to the point N of the curve; when vertical 
again and 4 is at the lowest point, no lines 


FIGS. 2, 3 AND 4.—SINGLE TWO-PHASED AND THREE-PHASED ALTERNATING GENERATION. 


produce a constant E. M. F. directly with- 
out the intervention of a commutator; this 
latter type of machine, for reasons that will 
be given later, has received no commercial 
application except for electro-depositing 
purposes, requiring a very low voltage. 

In order to produce directly a constant 
E. M. F., it will be easily seen that a wire 
must always cut lines of force in the same 
direction, as in the example of the train 
axle, and this demands a continuous field or 
its equivalent. In all commercial machines, 
the wire cuts the Jines of force alternately 
in one direction and then in the other, thus 
producing an alternating E. M. F. In order 
that this alternating E. M. F. may increase 
and decrease gradually, the motion of the 
wire or, in an alternator, the proportioning 
of the coils and fields, is such as to approx- 
imate to a sine curve of E. M. F., such as in 


by the the cutting of lines of force, above 
described, apply to all dynamos; there are 
numerous forms of windings for both con- 
tinuous and alternating current machines, 
but these have reference to the manner of 
connection of the cutting wires among them- 
selves and to the external circuit. 

Fig. 2 represents a single dynamo coil in 
a bipolar field, the core being left out for 
convenience. As the upper and lower wires 
will cut lines in different directions the 
E. M. F. in one will be opposite to that in 
the other; it is evident, however, that they 
will add together so that between the collect- 
ing rings shown there will be double the 
E. M. F. generated with a single wire. It 
will also be seen that if the coil had ten con- 
volutions instead of one, the FE. M. F. would 
be ten times greater through addition. 

Fig. 3 represents two independent coils 


are being cut, corresponding to the point O’; 
when horizontal again and 4 to the left, the 
coil is again cutting at a maximum rate, but 
in a direction opposite to that of the former 
horizontal position, thus generating a nega- 
tive maximum E. M. F., corresponding to S; 
finally, at O”, zero E. M. F. is again reached, 
when another and similar cycle is com- 
menced, and so on. 

Now referring to Figs. 3, representing 
two-phased generation of E. M. F, it will 
be seen that when 4 is at the zero point 
of cutting, or O of the curve, B is at the 
maximum point; when 4 is at N, the maxi- 
mum point, B is at zero, and so on. 

Three-phased generation is represented in 
Fig. 4. Here it will be seen that when 4 
is at the zero point of cutting, C has passed 
the maximum positive point of cutting and B 
is approaching the maximum negative point. 
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A Queer Phenomenon. 


We are informed by Mr. Nikola Tesla that 
the peculiar phenomenon which Mr. R. T. 
Kenyon described in our August issue—a 
wire giving off light when excited from a 
static machine—is a well-known form of 
brush discharge which he has described re- 
peatedly. Prof. Reginald A. Fessenden 
-= writesas follows: ‘‘ Any wire, unless highly 
polished or covered with a perfect insulator, 
will appear luminous in the dark if its po- 
tential be raised to about 20,000 volts. If 
the line were broken and well insulated from 
the ground and the static machine gave a % 
in. spark, we would have the phenomenon 
described. It is, of course, possible to see 
how resonance could produce a similar 
effect, but the above explanation seems the 
more natural and probable.” 


Patent Law. 


Your editorial in the August number 
brings up the reflection whether any patents 
at the present day can be said to possess 
value in view of the innumerable conflicting 
opinions of the courts. I venture to say 
that for every adjudication in favor of any im- 
portant principle in patent law, another may 
be found contradictory. This unsatisfactory 
state of affairs seems to be the result, partly 
at least, of the ownership of patents by 
grasping monopolies, which has led the 
courts to stretch in favor of the public, the 
law intended to protect the inventor. While 
the immediate results of decisions rendered 
in this spirit may be favorable to the public, 
their effect is to discourage invention, and 
thus sooner or later injure the public. This 
seems to be the condition toward which we 
are rapidly traveling, and the litigation dur- 
ing the past ten years between the great 
electrical companies is largely responsible 
for it. G. M. THOMAS. 


——__--»--—____- 
Equalizer of Compound Dynamos. 


In operating compound dynamos in mul- 
tiple it seems to me that not nearly enough 
care is taken in the installation of the equal- 
izer circuit. Itis frequently of wire that is 
much too small, for it theoretically should 
have no resistance. When an equalizer 
switch is installed, a resistance is thereby 
introduced which is a very large percentage 
of the total resistance, and must affect the 
mutual action of the machines. If we must 
have equalizer switches, they should, in my 
opinion, be made to have a much more sub- 
stantial contact than the ordinary jack-knife 
switch jaw. I would suggest a substantial mer- 
cury contact, such as is used in controlling 
currents on storage battery switchboards. 

On some equalizer wires that I have en- 
countered in the course of my experience, I 
have found fuse boxes installed! When the 
equalizer is carrying a current that is liable 
to overheat it, and, as is evidently supposed, 
then needs the protection of a fuse, that is 
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the very time when, by all means, it should 

remain intact. Its failure would mean theal- 

most instant reversal of current in the dyna- 

moto which the equalizer is feeding current. 
i C. L. TRYON. 


wem 


Cutting Action of Steam and Gases. 


In reply to N. R. Ripley in your July 
issue, I wish to call his attention to the fact 
that the friction between air and other gases 
and solids or liquids is very great. Itis on 
account of this friction that we have such 
enormous waves at sea during gales of wind. 
The film of oil which reduces the breaking 
of the sea seems toact not only by its cohe- 
sion and deadening action upon the water, 
but by having a less amount of friction with 
the air. Be that as it may, however, air, 
steam and most of the gases with which I 
am acquainted have a great deal of friction 
with solids. When under pressure this fric- 
tion is increased, and if the gas is escaping 
through a small orifice the law of friction in 
regard to speed while pressure and surface 
remain equal stills holds true. It isa fact of 
long observation that the small valves of a 
certain kind of steam drips cut with great 
rapidity if allowed a very small rise or open- 
ing. 

Whether it is possible for a leaky valve or 
valve stem to experience such a cutting ac- 
tion as to cut out the whole of the metal and 
leave nothing behind, is something that I 
will not attempt to answer. That steam 
flowing through a small orifice can cut most 
desperately is a fact. It might also have 
been possible that there was galvanic ac- 
tion set up and that the first leak was caused 
by this action, brought on by the presence 
of water of condensation in the valve. That 
steam cuts, and cuts like a knife, especially 
when the pressure is high and the outlet 
small, is a fact tolerably well established and 
known to most old engineers. 


PITTMAN. 
—__—_—___----@——___-_ 


A Suggestion for an Instructive Experiment. 


Text books state that a single north pole 
would be propelled continuously along the 
whole circuit of a magnetic line of force in 
the direction from north to south. They 
also state that a single north pole may he 
approximately represented by the pole at 
the end of a long bar magnet. Asan experi- 
mental proof of a statement always leaves a 


much more lasting jmpression, the follow- 
. ing simple experi esisi itself to the 


writer; it isa mere suxfrestion, however; the 
writer has not tried it and cannot vouch for 
its success, and it even seems as though 
there may be a fallacy somewhere. 

Two long thin steel magnets, N Sand N S, 
are secured, as shown, toa pivot resting on 
the top of a vertical copper wire, but insula- 
ted from it; a mercury cup is situated over 
the pivot; contacts and a mercury trough 
connect with the vertical conductor as 
shown, leading the current from the mercury 
cup at the top to the conductor. If now a 
strong current is passed as shown, through 
the conductor, circular lines of force will be 
generated as indicated by the dotted line. 

If the text book statements made above 
are correct, it seems that the north ends of 
the magnets should then move along the 
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lines of force, and the whole of the movable 
part should therefore revolve in the direc- 
tion indicated. As the current in the upper 
portion of the movable part flows through 
the movable part itself, no effective propel- 
ling action can exist there, tending to move 
the south poles in the opposite direction, 
which it would do if the pivot was not insu- 
lated from the conductor. 

If it is possible to generate such lines of 
force (which make a complete circuit in the 
air without any mechanical obstruction), by 
any other means, the experiment might be 
simplified. Do such lines exist in the air 
space enclosed by an iron ring wound with a 
coil of wire? If so, would they also exist if 
the ring were a non-polar steel magnet in- 
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stead of an electromagnet? An approxima- 
tion to such a field would certainly exist if 
four bar magnets were placed so as to form 
a square with a pair of unlike poles at each 
corner. In that case it would be interesting 
to explain why such a system would not be 
of perpetual motion, as there should then be 
continuous motion produced by a combina- 
tion of permanent magnets only. 

The latter deduction leads one to believe 
that there may be a fallacy in the principle 
of the experiment shown in the illustration; 
or else it shows that the text book statements 
made above should be modified, limited or 
explained more clearly. 

A simpler way to show the movement of a 
north pole in the direction of the lines of 
force is by the deflection of a compass 
needle when placed in a magnetic field. 
But would it not be much simpler to explain 
this by saying that lines of force tend to be- 
come parallel to each other, instead of in- 
volving the impossible conception of a single 
pole and a motion along lines of force? Ab- 
stract statements have their value, but elem- 
entary text books should be as free from 
them as possible. 

The movement of a pole along a line of 
force might be illustrated by placing two bar 
magnets perpendicular to each other, when 
they will tend to become parallel, but this 
simply demonstrates the elementary rule 
that two unlike poles attract each other, or 
that lines of force shorten their path, but it 
does not prove that a single pole would move 
continuously over the circuit of a line of 
force. ELECTRICIAN, 


44. What remedy should be applied when a 
dynamo becomes reversed? 


Reverse the residual magnetism by cur- 
rent from another machine or from a battery. 
If this is not convenient, the connections be- 
tween the machine and the line may be 
transposed or crossed, so that what was 
formerly the positive terminal of the dynamo, 
but is now the negative terminal, will be con- 
nected with the negative line terminal and 
vice versa. 


45. Cannot the dynamo be reversed by re- 
versing the connections between the armature 
and field ? 


No, for then the machine could not build 
up. (See No. 34.) 


46. Will a dynamo pick up tf the armature 
rotates in the opposite direction? 


No. Because by reversing the direction 
of rotation, the voltage due to the residual 
magnetic field (see AMERICAN ELECTRICIAN 
June, 1896, page 68, No. 11) is reversed and 
sends a current through the field coils in the 
wrong direction so that the dynamo cannot 
build up. 


47. What changes must be made if it is 
necessary lo run a dynamo armature in the 
opposite direction from what was intended? 


The connections between the armature 
and the field terminals must be reversed so 
that the initial current will go through the 
field coils in the right direction (see No. 34 
AMERICAN ELECTRICIAN Aug., 1896, p. 140., 
and No. 46 above). 


48. What is to be done tf the brushes sud- 
denly begin to flash or spark excessively? 

Look first at the ammeter or current in- 
dicator to see if the machine is delivering 
too much current. Then see if the brushes 
make good contact, since the springs or 
brush holders sometimes get loose. Then 
see if the commutator has a high bar ora 
low bar. 


49. What can one do tf the dynamo ts giv- 
tug too much current? 


If the current is more than twenty or 
thirty per cent. above the rated capacity of 
the dynamo and if it continues more than a 
few minutes, the main switch should be 
opened. If the machine is supplying lights 
whose sudden extinction might cause a panic 
and endanger human life, one should risk 
injury to the dynamo rather than to life. 
When itis unsafe to shut down, the dynamo 
may be relieved by changing the regulator 
so as to lower the voltage until the lamps 
give only a dim light. The current will de- 
crease with the voltage. 


50. How can one avoid an excess of cur- 
rent ? 

All parts of the circuit should be protected 
by safety fuses of suitable capacity so that 
any branch taking too much current will be 
cut off automatically by the melting of the 
fuse and consequent opening of the circuit. 
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51. Ifa plant has no ammeter or current 


indicator, how can the attendant tell when a 
dynamo ts delivering too much current? 


In a well made modern dynamo, no part 
should get too hot to be touched by the hand 
after the dynamo is shut down. If the 
armature begins to smoke or if it smells 
strongly of shellac, it iscarrying an unsafe 
current. So long as the armature does not 
get uncomfortably hot during the regular 
run, the load is within safe limits. 


——_-~9+-e -_- 


Frequency Indicator. 


Mr. Albert Campbell in the London ÆZec- 
trician describes a simple instrument for de- 
termining the frequency of the alternating 
current, the operation of which will be un- 
derstood from the accompanying illustra- 
tions. 

In Fig. 1, AB is a steel strip or reed 
which, by means of suitable gear, can be 
moved in either direction through the 


FIG. I. 


clamp, C; a rack and pinion connected with 
the end, B, operates a pointer which indi- 
cates on the scale of the instrument the va- 
riations in the length of AC, the vibrating 
portion of the reed. Near the vibrating 
portion, AC, of the reed is fixed an electro- 
magnet, M, having a well laminated core 
excited by a small current derived from the 
alternating circuit to be tested. The length 
of the portion, 4C, is regulated by means of 
a milled head, shown at the top of the case 
in Fig. 2, until the reed is thrown into 
strong vibration by the field due to the 
electromagnet, M. This takes place when 
the vibrating portion of the reed is of such 
length that it naturally vibrates with a fre- 
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quency double that of the frequency of the 
alternating current in M, this resonance be- 
ing indicated by the loud note given out. 
The exact point of maximum resonance is 
more easily observed by using an adjust- 
able part, F, which can be so set that it jars 
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against the vibrator only when the latter 
reaches its greatest amplitude. 

Fig. 2 gives an exterior view of one of the 
instruments, the range of which extends 
from 40 to 150 periods per second. The 
milled head at the top is, as stated before, 
turned until a loud note is obtained, when 
the frequency is read off directly from the 
dial. The adjustment can be made in a 
second or two, so that the instrument may 
be used to follow quick changes in the fre- 
quency. By means of the milled head at 
the side, the jarring piece, P, can be so ad- 
justed as to enable sharply defined readings 
to be taken. The inventor states that it is 
easy to obtain readings correct to less than 
one-half per cent. 

Since the instrument works with unidi- 
rectional pulsating currents as well as with 
alternating ones, it can be used as an accurate 
speed indicator for high speeds; for this 
purpose a commutator is mounted on the 
shaft whose speed is required to be known, 
and a direct current made and broken by 
this commutator is led to the instrument, 
which may be situated at a distant point. 
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Resistance of Rail Joints. 


Some interesting results of the measure- 
ment of rail joints are given in the Sreet 
Railway Journal, by Mr, Richard McCul- 
lough. 

A number of cast joints on eighty-five 
pound, seven inch Johnson girder rail were 
measured with different amounts of current. 
The resistance for the different joints calcu- 
lated from this ran very uniformly, averag- 
ing 0.0000172 ohm, the highest being 
0.000020 ohm and the lowest 0.000014 ohm. 
In order to compare this with the resistance 
of an equal length of the rail itself, nine 
rails, varying in length from thirty feet to 
sixty-two feet, were brought into the shop 
and tested in the same manner. Five of 
these were eighty-five pound, seven-inch 
rails and the others were of a smaller sec- 
tion. The results checked up very closely, 
and averaged for the seven-inch rail, 
0.0000102 ohm per foot of rail on 86.61 ohms 
per mil foot. 

The resistance of fourteen inches of rail 
calculated from this is 0.c000119 ohm, and 
comparing this with 0.0000172 ohm, which 
is the resistance of a fourteen inch cast joint, 
it is evident that the resistance of a cast 
joint is forty-four per cent. greater than the 
same length of rail. The resistance of a track 
laid with this cast joint will be only slightly 
greater than the resistance of the rails them- 
selves, because if the track is laid with thirty- 
foot rails, the length of the joints will be four 
per cent. of the length of the rails. 

A number of rail ends were bonded with 
somie of the ordinary bonds in use and their 
resistance measured in the same way. As 
these bonds were of several different lengths 
and sections, from their resistances the resist- 
ance of the copper wire was deducted, leaving 
only the resistance of the contacts. The 
lowest contact resistance obtained in this 
way was 0.00004 ohm, which alone is two 
and one-half times the total resistance of the 
cast joint. All of the bonds tested were 
new, the contacts bright, and the bonding 
carefully done in the machine shop. 
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How much calcium tungstate is required for a 
6 in. ~ 6 ım. Röntgen screen, and what will it 
cost ? D. E. 

One-eighth of an ounce of Mercks’ calcic 
tungstate is sufficient; the price is about 
$1.25 per ounce. The tungstate should be 
on the inside surface of the screen. 

Please give a simple way of finding the direction 


of current inan arc circuit in order that a lamp 
may be correctly cut in. S. L. K. 


A simple method was given in this depart- 
ment in the June issue, but the practical way 
to find the proper connections for an arc 
lamp is to place it in circuit; if then the 
crater burns in the lower carbon, reverse 
the binding post connections. 

How can I tell exactly how much current and 


energy are wasted from a line or other electrical cir- 
cuit through grounds? ENGINEER. 


The article by Prof. McKissick in another 
column shows how the insulation resist- 
ance may be determined. Dividing the 
voltage by the insulation resistance gives the 
loss of current. Multiplying the current 
thus found by the voltage gives the loss in 
watts. 

Can the increase in voltage of a dynamo resulting 


from an increase of speed be determined from the 
revolutions ?. w. P.S. 


Not with any accuracy in the absence of a 
characteristic curve, unless both the field 
and the armature reaction remain the same; 
that is, unless the ampere turns in the field 
coils and the current through the armature 
remain unchanged. In any practical case, 
the ampere turns at least would probably be 
changed, and there is no method of calculat- 
ing the resultant change of the field owing, 
in the case of commercial machines, to the 
absence of data. 

How do you make a spark coil for electric gas 
lighting? M. J.S. 

Make a core X in. in diameter and 834 ins. 
long, of soft iron wire of the smallest size 
available. It may be well to anneal the wire 
before cutting by bringing to a red heat and 
allowing it to cool very gradually. Form a 
spool by slipping on each end of the core a 
disk of % in. wood, 2% ins. in diameter. 
Tape the core and wind on seven layers of No. 
14 cotton-covered magnet wire, bringing an 
end through a hole in each disk; 3% lbs. of 
wire will be required. Tape the coil and wind 


on neatly a layer of twine, and then shellac. 
Please explain the condition of two or more gen- 
erators working in multiple. How can the E. M. F- 
of one be raised to regulate its load, without dis. 
turbing the others? A. V. Y. 


The condition of two or more genera- 
tors working in multiple is difficult to de- 
scribe in limited space. The ideal condition 
is one where all the machines are generating 
exactly the same E. M. F., in which case 
the total load will be equally divided be- 
tween the various machines, provided the 
armatures of all are identical as to resist- 
ance. The moment one machine fails to 
generate the full E. M. F. required, the su- 
perior voltage of its mates forces over more 
than its quota of the load, and to restore 
equilibrium the E. M. F. of the failing 
machine must be raised until it again equals 
that of its mates. The E. M. F. of one of a 
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group of generators is never raised to regu- 
late its load except when the equilibrium 
has been previously disturbed by its voltage 
falling below that of its mates. 

Referring to Lessons in Practical Electricity, page 
98, ‘‘drop or line loss” is mentioned. Is the amount 


of this arbitrary as to length of line, or how is it 
calculated ? S. P. A. 


Usually the drop is assumed, and refers to 
the extreme variation of voltage permissible. 
In house wiring, for example, the maximum 
drop is five per cent. For important trans- 
mission lines the line loss or drop is calcu- 
lated; it is apparent that the smaller the in- 
vestment in copper the larger the line loss, 
and by calculation a line loss may be found 
for which the sum of the annual fixed charge 
on the çost of line, and the cost of the 
line loss of electrical energy per year, will be 
a minimum. 

1°, Will a secondary coil of a transformer having 
the same number of turns as the primary generate 
approximately the same E. M. F.? 2°. Why does 
increasing the primary turns lower the secondary 
E.M. F? O. F. L. 

1°. Yes, for the reason that each coil will, 
during an alternation, be cut by the same 
number of lines of force. 2°. Because the 
turns of the secondary coil will be cut by a 
number of lines of force less than before, 
and less in proportion to the increase of 
primary turns. This follows from the fact 
that the lines of force being inversely 
proportional to tbe primary turns, the 
impedance or resultant of resistance and 
inductance, will vary as the square of the 
turns, since the resistance effect is very 
small in proportion to the inductance, and 
the latter varies as the square of the turns. 
Consequently, if the turns are doubled, only 
about one-fourth the current will flow, and 
the ampere turns will be reduced nearly one- 
half; the flux will, therefore, be reduced 
correspondingly and, of course, the second- 
ary E. M. F. in the same proportion. 


Is there any general formula to determine the 
size and amount of wire and iron for a transformer? 
I wish to make a transformer of a capacity of ten 
watts on a too-volt circuit. E. S. 


There is no general formula, as too 
many factors of variable value enter. The 
number of turns of the primary wire depends 
upon the impressed E. M. F. and number of 
lines of force desired: the amount of iron de- 
pends upon the number of lines of force and 
working density; the number of turns of the 
secondary is less than that of the primary 
by the ratio of the secondary and primary 
voltages. An experimental determination 
for the above case will be most satisfactory. 
Make a ring of % in. section and 3 ins. di- 
ameter, of soft iron wire. For primary wind 
with sufficient No. 24 wire to keep primary 
current down to a point that the outside 
leads of wire will be but slightly heated. 
Wind the secondary with a size of wire 
corresponding to the current to be taken 
from it, the turns being according to the 
ratio given above, or determined experi- 
mentally. Another way to make a small 
transformer is to place one coil on the other 
and wrap both with soft iron wire. 


In the August number, in answer to the query 
“The load being constant, why does the speed of a 
series motor vary directly with the applied E. M. 
F.” it is said that, since E—e is constant, the speed 
must rise in the same proportion as the applied E. 
M. F. Why is this so? E. LL. R 

Since Æ is the applied E. M. F. or the E. 


M. F. at the motor binding posts, and e is 
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thë counter E. M. F., the free voltage is 
E—e, and the current according toOhm'’s law, 


is ed where Æ is the resistance of the 
motor. But it was shown that if the torque 


is constant, the current is constant, and as 
R is constant, £—e = a constant quantity, 
which we will call a. Now e, the counter 
E. M. F., is the E. M. F. generated in the 
armature through its wires cutting the field 
in the same manner as a dynamo, and there- 
fore its value will be the product of the 
speed, s, and the strength of the field, N; 
consequently E—e = a becomes E—s N =a, 


or S= a — Sr In most cases the second 
term of the right hand part of the equation 


may practically be neglected, so that =K 


or the speed varies directly with the applied 


1. I find that in some cases the mixture of water 
and sulphuric acid for storage batteries is given in 
specific gravity and in other cases in degree 
Baumé. How are the two connected? 2. I also find 
that the specific gravity recommended for the mix 
ture varies from 1.15 to 1.24. Which is the bette 
practice? 

1. The Baumé is an arbitrary scale with 
the following equivalents in specific grav- 
ity, and in proportions, by weight, of water 
and acid : , 
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2. Salomon recommends a mixture to start 
with having a specific gravity of 1.13 to 1.15 
(17 degs. to 19 degs. Baumé, or about four 
parts, by weight, of water to one of acid), 
which become 1.18 to 1.20 (22 degs. to 25 
degs. Baumé, or about three parts, by weight, 
of water to one ofacid). The most desirable 
density to use largely depends upon the type 
of plate; from 1.180 to 1.200 is now accepted as 
the most desirable,everything considered, this 
being, of course, the maximum density when 
the cell is fully charged. If plenty of clearance 
is given to the plates so that there is ample 
electrolyte, 1.180 (22 degs. Baumé) is perhaps 
the most satisfactory. The Electric Storage 
Battery Company considers it desirable in all 
cases to have a sufficient volume of electrolyte 
that the density may not fall from full charge 
to full discharge more than, say, from 1.180 
to 1.150. Any density over 1.300 (33 degs. 
Baumé) would be injurious, and the capacity 
is cut down enormously if this density is 
exceeded; 1.400 or 1.500 (42 degs. or 49 degs. 
Baumé) would certainly be very injurious to 
the plates, leaving out the question of capa- 
city. The lowest resistance of the electrolyte 
is obtained at a specific gravity of 1.215 
(25.2 degs. Baumé), above and below which 
density the resistance increases. The mis- 
apprehension in regard to the proper specific 
grav.ty of the storage battery electrolyte is 
probably partly due to the fact that the 
density of the mixture varies with the state 
of the charge, increasing as the battery be- 
comes charged. 


HOT BLAST BLOW TORCH. 


The combination hot blast blow torch il- 
lustrated herewith, is made after a new prin- 
ciple, by means of which a solid blue flame 
of intense heat is produced. Toinsure relia- 
bility, the manufacturers test every torch to 


COMBINATION HOT BLAST BLOW TORCH. 


thirty pounds pressure. The consumption 
of gasoline is 1% pints in four hours steady 
burning. The torch has no wicking or coil 
to burn out, and the tank is made of one 
piece of seamless brass with a filler plug in the 
bottom. The torch shown is at once a brazer, 
blow torch, and, as indicated in the engrav- 
ing, a soldering iron heater. This type of 
an electrician’s indispensable appliance is 
made by the White Manufacturing Company, 
40 State Street, Chicago, Ill. 


LEAD PIPE COUPLERS AND FITTINGS. 


Each year the march of progress in the 
mechanical world steadily continues, and 
labor saving devices take the place of old, 


FIG. I.—-FAUCET CONNECTION. 


crude hand work. One of the latest ideas 
advanced in this connection is the use of 
brass couplers and fittings for doing all 
kinds of lead pipe plumbing work without 
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the aid of solder or the necessity of ‘‘ wip- 
ing ” joints. 


= 


FIG. 2.—LEAD-TO-LEAD TEE AND COUPLING. 


As a rule heretofore, engineers, steam 
fitters and in fact all mechanical trades have 


been entirely dependent on plumbers for 
such work as came under the head of lead 
pipe plumbing. The introduction of these 


FIG. 2.—STOP AND WASTE. 


new couplers and fittings, of which 
several forms are shown in the accom- 
panying illustrations, obviates the ne- 
cessity of calling for the plumber and using 


FIG. 4.—LEAD-TO-IRON TEE AND COUPLING. 


solder, thus placing lead pipe plumbing work 
that isin charge of the engineer in or around 
any power plant, completely 
under his control as are the 
other parts of his piping sys- 
tem. He may extend the same 
at will to any extent, or make 
repairs at any time or in any 
place; in fact do any kind of 
lead pipe plumbing in a strictly 
mechanical manner. The con- 
nections are easily and quickly 
made, as the illustrations indi- 
cate. One of these is to con- 
nect a faucet to side of lead 
pipe by boring a hole in the 
side of the latter and clamp- 
ing the parts of the fitting to 
gether by turning up the side 
screws. ‘This new system has 
been placed on the market 
by the manufacturers, Monash- 
Younker Company, 203 S. Canal Street, 
Chicago. 


(Vor. VIII. No. 5. 


MAIN LINE CUT-OUT. 


_ During the past few years insurance in- 
spectors have become more stringent with 
respect to circuit fittings, and the type of 
main line cut-out shown in the accompany- 
ing illustrations has been designed to obviate 
objections urged against the older forms. 
Fig. I shows the cut-out complete and Fig. 
2 with the cover removed. From the latter 
illustration it will be seen that the fuses are 
contained in separate chambers, A A. When 


FIG. I.— MAIN LINE CUT-OUT. 


the cover is in place a projection fits into the 
recess, C, thereby isolating each fuse and its 
connections in a separate chamber. The 
electrician will also note the convenient 
method of line connection, whereby the 
labor of connecting up is reduced. All parts 


FIG. 2.—MAIN LINE CUT-OUT. 


of these fuse boxes, which are made by Pass 
& Seymour, Syracuse, N. Y., are inter- 
changeable, which is a feature that will be 
appreciated by both supply dealer and con- 
tractor. 


ALTERNATING CURRENT INSTRUMENTS. 


The inclined coil type of measuring instru- 
ment developed by Professor Thomson, has 
been adapted for use on switchboards, and a 


FIG. I—THOMSON A. C. AMMETER. 


complete series of these instruments is now 
being manufactured by the General Electric 
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Company. With the accuracy and durabil- 
ity of the portable appliances, they combine 
the long scale and general mechanical char- 
acter requisite in modern switchboard prac- 
tice. The instruments are free from parts 
liable to change and thus are permanent in 
their readings, and they are accurate with 


FIG 2.—SWITCHBOARD PANEL. 


the same calibration for all commertial fre- 
quencies. Each instrument is constructed 
for either back or front connection, is fitted 
with a light nickel cover and binding posts 
and a black enameled metal base. The am- 
meters read from o to 3%, IO, 25, 35, 50, 75, 
100, 150 and 200 amperes, and the volt- 
meters from o to 75, 150 and 650 volts. Fig. 
I illustrates an alternating current ammeter 
of this type, and Fig. 2 a switchboard panel 
showing a voltmeter and ammeter in place. 


DOUGLASS-HALL ELECTRIC PUMP. 


The electric pumping combination we il- 
lustrate has been designed particularly for 
maintaining a supply of water for house pur- 
poses, operating hydraulic elevators or for 
any service where it is desired to elevate or 
distribute water. The manufacturers were 
among the first to adapt the pump to the 
electric motor, and the present combination 
represents the result of an extended experi- 
ence in this linc of work. 

Any form of electric motor can be used 
with the pump, that shown in the illustra- 
tion being of the Lundell type. To the 

‘shaft of the motor armature is direct-coupled 
a two-part worm, one helix bemg right and 
the other left-handed; these mesh with two 
gears, to one of which the pump shaft makes 
fast. By means of this double worm gear- 
ing, end thrust of the worm is entirely ob- 
viated. The pump is of the rotary gear type, 
the action being similar in principle to that 
of the well-known Root blower. There are 
two wide gears, each having 12 deep teeth, 
the driving gear being of brass and the other 
one of hard rubber. 

This, it may be remarked, is one of the 
oldest types of water pumps, its invention 
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dating from the 16th century. In its orig- 
inal form a serious objection was encoun- 
tered from friction and consequent wear, 
due to the reaction of the discharge pressure. 
In the present type this pressure is balanced 
by means of ports or radial openings be- 
tween each tooth and extending through the 
gears, the discharge pressure being thus 
made to act on both sides of the gears, 
thereby perfectly balancing them. Owing 
to this ingenious method, the gears are sub- 
ject to no grinding wear against the suction 


` side of the gear case, and the bearings will 


run true indefinitely. 
The pumping outfit includes an automatic 
starting rheostat operated by an electrical 
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device at the receiving water tank. The 
pump described is the invention of Mr. M. W. 
Hall, and is manufactured by the W. & B. 
Douglass Company, 87 John Street, New 
York. 


LA VILLA HEATER. 


Apparatus for house heating usually does 
not display evidences of the highest skill in 
design and mechanical construction, doubt- 
less owing to the fact that the ordinary pur- 
chaser of a heater is not a judge of these 
qualities. The reader will, however, recog- 
nize in the heater illustrated herewith an ex- 
ample that will withstand criticism, both 
with respect to mechanical execution and 
the economical production and utilization of 
heat. i 

Owing to the entire fire-pot being corru- 
gated, agreat amount of direct heat-absorb- 
ing surface is presented, and as the hot 
gases from the furnace have to travel three 
times the length of the heater before reach- 
ing-the smoke-pipe, all of the useful heat 
they carry is taken up. The heater is 
equipped with a rocking and dumping 
grate, which will burn equally well soft or 
hard coal, coke or wood. The circulation in 
the boiler has also received careful attention. 

Another important point that has been 
considered in its design is accessibility for 
cleaning; when both the front and rear 
cleaning doors are opened, every square inch 
of the heater is visible and easily accessible 
for cleaning, which is thus made a very 
simple matter. If a heater can be easily 
cleaned, the chances. are that it will be fre- 
quently cleaned, and if kept clean the 
economy of fuel is very marked. The best 
heater made, if coated with the deposits of 
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combustion, which are non-conductive in 
their nature, is, like a boiler, very seriously 
handicapped. 

As will be seen from the illustration, the 
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LA VILLA HEATER. 


heater is ornamental in appearance. It is 
portable and easily set up, coming practi- 
cally in three parts—base-plate, ash pit 
plates with grates in place, and heater 
proper. The heater is not designed for 
large buildings, but for the thousands of 
small buildings such, as cottages, small rail- 
way stations and office buildings, etc., for 
which its size, appearance and low cost make 
it an ideal apparatus. 

The LaVilla heater is made in ten sizes for 
steam and the saine number for water. The 
manufacturers, the A. A. Griffing Iron 
Company, 66 Centre Street, New York, will 
send a descriptive pamphlet to readers who 
mention the AMERICAN ELECTRICIAN. 


COMMUTATOR DRESSING TOOL. 


The dynamo commutator dressing tool 
shown in the accompanying illustration is 
very simply attached to any type of dynamo 
or motor and enables a worn or roughened 
commutator to be quickly and accurately 
dressed. The tool is bolted to one of the 
dynamo brush rocker arms by means of a 
steel bolt. The plate which carries the bolt 
has a long slot in which is secured a spindle 
carrying a grinding wheel; the slot permits 
the spindle to be adjusted so as to enable any 
desired depth of cut to be taken by the 
wheel. The wheel itself travels along a 
sleeve on the spindle while making a cut, the 
sleeve being driven by a pulley to which 
motion is given by a belt from the iron collar 
on the end of the commutator. A feather in 
the sleeve causes the wheel to revolve with 
it; lateral motion is given to the wheel by 
hand as the cut progresses, or it may be fed 
automatically by means of a weight (shown 
in the illustration), which causes a gradual 
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automatic feed motion across the face of the 


commutator. 


— 


COMMUTATOR DRESSING TOOL, 


This simple and efficient dynamo attach- 
ment is made by Geo. P. Cummings, 1441 
Broadway, New York. 


ELECTRIC POWER COTTON MILL. 


The cotton mills of the Pelzer Manufactur- 
ing Company, at Pelzer, N. C. (one of the 
largest in the world under one roof), have 
been completely equipped with electric 
power by the General Electric Company, the 
three-phased system being used, with gen- 
erators driven by water power. 

Five pairs of Victor wheels will be used, 
of which three pairs are now installed. 
Each pair of turbines is connected to the 
armature shaft of a 1000-Kw, three-phased 
generator (Fig. 1), delivering current at 
3300 volts when turning at a speed of 167 
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polar dynamos of the General Electric slow- 
speed type, and are directly driven by belts 
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from the turbine shafts. The switchboard, 
of the skeleton type, located in the gallery, 
carries the special high 
tension switches, the syn- 
chronizers and usual rhe- 
ostats and measuring in- 
struments, the bus bars re- 
ceiving the current direct 
from the generators with- 
out transformation, whence 
it is sent over a pole line 
23 miles long to the points 
of delivery. 

In the larger mill there 
are nine transformers, 
three of which have a ca- 
pacity of 265 Kw and six 


of 275 Kw capacity. They FIG. 
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FIG. I.—PELZER POWER HOUSE. 


r. p. m. A plan of the generating room is 
shown in Fig. 2. The exciters are multi- 


are of the General Electric air blast type, in 
which the principle employed to keep them 
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cool is to send a constant current of air 
through the laminations by means of two 
electric blowers. In the transformers the 
pressure is reduced to 200 volts, at which 
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FIG. 2.— PLAN OF PELZER POWRR HOUSE. 


pressure the current 
motors. 


is brought to the 
There are also two transformers re- 


3.—PICKER ROOM—PELZER MILLS. 


ducing the current to 114 volts for the 1200 
incandescent lamps used to light this mill. 

The motor equipment of the above mill 
aggregates 2080 HP, divided in twenty-four 
motors. Four of these, of 75 HP apiece, are 
in the picker room shown in Fig. 3. These 
are directly connected to the shafting and 
run at 6oor. p. m. Fifteen motors of 110 HP 
each drive the looms, carding and spinning 
machines, and the remaining motors are used 
for pumping, driving spoolers and blowers. 

Allof the above motors are non-synchron- 
ous, and are of the inverted type. They are 
suspended from the ceilings of the rooms in 
which they are employed. They have 
neither brushes, collector rings nor commu- 
tators, and consequently there is no spark- 
ing. The principal advantage presented by 
these motors is that they necessitate no at- 
tention whatsoever beyond that given to the 
bearings, and so long as these are kept 
properly lubricated, the motor will satisfac- 
torily perform its duty. They are self oiling 
and are provided with oil glasses, by which 
the attendant can readily determine the 
amount of oil in the oil chamber. 

By securing these motors to the ceiling a 
great saving in floor space is saved, and they 
are there bey ond interference from curiosity, 
carelessness or accident. 

To drive the machinery, each motor is, as 
far as possible, connected by four belts, two 
overhanging pulleys being keyed to each 
end of the motor shaft. From each end the 
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two belts lead in opposite directions to the 
shafting driven by the motor. This method 
of driving reduces to a minimum the 
amount of friction, while equalizing the 
strain upon the bearings and shaft. In 
cases where two belts only are driven by a 
single motor the pulleys are placed on one 
end of the motor shaft only, and the belts 
are led in opposite directions to the machin- 
ery shafting. 


PERSONAL. 


Mr. Eugene E. Bogart has succeeded to the busi- 
ness of the late A. L. Bogart, 22 Union Square, 
N.Y. Mr. A. L. Bogart, Jr., will remain in technical 
charge, and the long established, enviable reputa- 
tion of the house in the electrical gas lighting in- 
dustry will continue to be maintained. 


Mr. J. fllyaki, M. E., a graduate of the engineer- 
ing course of the Tokyo Daigaku, is on a semi-of- 
ficial visit to the United States to make a study of 
its principal electrical plants and manufactures. 
As a graduate of a university that scarcely ranks 
second to any in the world, Mr. Miyaki is well 
equipped, technically, to obtain the full benefit of 
his professional tour. 


Mr. Patrick B. Delany, of South Orange, N. J., 
has beén awarded, by the Franklin Institute, the 
Elliott Cresson medal for his system of mechanical 
telegraphy. Mr. Delaney, whois a past vice-presi- 
dent of the American Institute of Electrical Engi- 
neers, is firmly convinced that the day is near when 
the telegraph will largely replace the mails for 
business correspondence. 


rir. H. M. Littell has been elected vice-president 
of the Metropolitan Street Railway, and, in addi- 
tion, will act as general manager of the company, 
which position he previously held with the Atlantic 
Avenue Railway Company, of Brooklyn. Mr. Lit- 
tell, who is one of the best known street railway 
men of the United States, was elected president of 
the American Street Railway Association at the 
Montreal Convention last year. 


Mr. Max Osterberg, E. E., M. E., has taken an 
office at 27 Thames Street, New York, and will 
practice as a consulting engineer and electrical ex- 
pert, making a specialty of gas-engine electrical 
installations. Mr. Osterberg when at Columbia 
University was fortunate enough to carry off one of 
the much prized Columbia fellowships. At the re 
cent National Electrical Exhibition he had charge 
of the practical electrical laboratory, and during 
the past half-year has done some notable experi- 
mental work in Röntgen ray phenomena. - 


Mr. Ellas E. Ries, formerly of Baltimore, Md., 
has opened an office as consulting engineer and 
electrical expert, at No. 1031 Temple Court. Mr. 
Ries is well and favorably known to the electrical 
profession as a scientific investigator and technical 
expert of no mean ability, and there is scarcely a 
line of applied electricity in which he has not done 
valuable original work. Mr. Ries is an active mem- 
ber of the American Institute of Electrical Engin- 
eers and other learned societies, has been a frequent 
contributor to the electrical and engineering press, 
is himself an inventor of marked capability, and has 
extended practical experience which well qualifies 
him for his new field and which fully merits the suc- 
cess that we have no doubt he will reap. 


Mr. Ernest H. Heiarichs has added a new proof 
of his versitility. Known throughout Western Penn- 
sylvania and Eastern Ohio asa brilliant journalist, 
and in industrial circles as the efficient press repre- 
sentative of the Westinghouse interests, he has more 
recently made his bow to the general public as a 
novelist. In ‘‘ Helene, a Novel,” Mr. Heinrichs pre- 
sents a cleverly written story whose interest is en- 
hanced by the true picture which it gives of German 
life and social customs. Like the modern French 
novel, the tale has an underlying motl:ıf. The Ger- 
man system of caste is the object of attack, and by 
shifting the scene of the latter part of the story to 
the United States, the author brings into greater 
contract the absurdities of German social preju- 
dices. 
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Dr. Wm. Shrader, who died at Columbus, Mo., 
last month, is a severe lossto the electrical and sci- 
entific world, in which he was such an able and 
conscientious worker. The cause of his death is 
attributed to his close application to some investiga- 
tions he was making at the time in regard to RGnt- 
gen ray phenomena. Physically of frail constitu- 
tion, his devotion to duty frequently led to overtax- 
ing hisstrength. Dr. Shrader was thirty years old, 
a native of Indiana, and unmarried. He was a 
graduate of the Rose Polytechnic Institute of Terre 
Haute, Ind., and also spent five years in the study of 
physics and electricity under such teachers as 
Helmholtz and Kohlrausch. The degree of Doctor 
of Philosophy was conferred upon him by the Uni- 
versity of Strassburg. In 1891 he was appointed 
Assistant Professor of Physics in the University of 
the State of Missouri, and two years after was 
elected Professor of Electrical Engineering, which 
position he held at the time of his death. Dr. 
Shrader will be remembered as one of the thirty 
judges of the electrical exhibit at the World’s Fair, 
where he won many friends. 


NEW BOOKS. 


THE PRINCIPLES OF THE TRANSFORMER. By Fred- 
erick Bedell, Ph.D. New York: The Macmillan 
Company. 416 pages, 250 pages. Price, $3.25. 

This work is more especially adapted for use in 
college teaching than for industrial purposes, 
though its very clear exposition of the physical and 
mathematical theory of the transformer will be ap- 
preciated by the designer and the electrical reader 
acquainted with the calculus and the intricacies of 
graphical constructions. Such actions of the trans- 
former as admit of mathematical treatment are 
here thoroughly considered, both analytically and 
graphically, and a final chapter deals with some of 
the effects of hysteresis and eddy currents. 


THE ALTERNATE CURRENT TRANSFORMER IN 

THEORY AND PRACTICE. By J. A. Fleming. Vol. 

I. The Induction of Electric Currents. New 

_ Edition. London: The Electrician Printing & 

Publishing Company. 606 pages, 213 illustrations. 
Price, $5.00. 


The new edition of this standard work, the best 
treatise in any language on the transformer, has 
been thoroughly revised, the greater part of the 
chapters having been rewritten. The size is consid- 
erably larger than that of the first edition, 127 pages 
having been added; most of the illustrations have 
been re-engraved and some new onesadded. While 
the reading of the entire book requires a knowledge 
of the simple calculus, the pagescontaining mathe- 
matical demonstrations are comparatively few in 
number, and the earnest student without mathe- 
matical knowledge will be able to follow the text 
through most of the pages. 


A PRACTICAL TREATISE ON THE OTTO CYCLE GAS 
ENGINE. By William Norris. New York: Long- 
mans Green & Company. 260 pages, 207 illustra- 
tions. 


This work is intended to furnish engineers, 
draughtsmen and students with practical data, 
based on results obtained by the leading makers of 
the Otto type of gasengines. The various commer- 
cial forms of this type are described and illustrated, 
and their various parts, such as gas valves and 
cocks, starters, ignition tubes, reciprocating parts, 
flywheels, etc., are treated in very full detail. 
The latter portion of the book is devoted to tests 
and testing, full descriptions of the necessary de- 
vices and fittings being given. The final chapter is 
on the use of the gas engine for electric lighting. 
The work is a very satisfactory one and will be 
found of value by those interested in the gas engine. 


TRADE PUBLICATIONS. 


Blow Torches. The White Manufacturing Com- 
pany, 4o State Street, Chicago, in a sixteen-page 
catalogue illustrates a number of types of gasoline 
blow torches specially adapted for electrical work. 
A combination hot blast gasoline furnace for elec- 
tricians and conduit workers is also illustrated, and 
presents an efficient appearance. 
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Oil Filters. The Phoenix Automatic Filter Com- 
pany, Racine, Wis., has just issued an interesting 
treatise on “ Oil Filters” that it will be glad to send 
to any reader of this Journal who dsks for it. The 
filter which the company makes is especially 
adapted to filtering dynamo oils, and consequently 
is largely in use by electric lighting and railway 
plants all over the country. | 

Power Pumps. In a well illustrated thirty-two- 
page catalogue, Henion & Hubbell, 61 Jefferson 
Street, Chicago, Ill., describe a large line of power 
pumps, among which are a number designed to be 
actuated by electric power. Among these are elec- 
tric house pumps, electric elevator pumps, electric 
water tank pumps and electric fre pumps. Among 
the devices illustrated is a hydraulic switch motor 
and pump, motor rheostat. 


isolated Electric Lighting Plants. The C. & cC. 
Electric Company, 134 Liberty Street, New York, in 
a recent pamphlet on ‘Isolated Electric Lighting 
Plants,” gives much valuable technical information 
on that subject. In addition, the pamphlet contains a 
collection of data and formulas which will be much 
appreciated by engineers and electricians, who will 
find it to their interest to obtain a copy of the pub- 
lication by application to the company. | 


The General Electric Company has in press a 
little booklet on its “Long Burning Arc Lamps,” 
handsomely illustrated. The subject istreated from 
the standpoint of the convenience and economy of 
the station manager and the customer, by the use 
of these 100 and 150-hour lamps. This booklet will 
be ready for distribution in a few days, and our 
readers can receive a copy, on application to any of 
the sales offices of the company, or directly to the 
supply department at the Schenectady office. 


Electrical Supplies. A new edition of the cata- 
logue of household, telephone and telegraph sup- 
plies of the Manhattan Electrical Supply Company, 
32 Cortlandt Street, New York, contains no less than 
224 pages, and more than 500 illustrations. The same 
company has also issued a sixty-four-page descriptive 
pamphlet of bicycle, electrical and photographic 
supplies. With these two publications at hand, the 
electrician will be equipped to meet any possible 
emergency that may arise with respect to prices and 
specification of articles inthe several departments 
comprised within their scope. : 


Indicator Card Scales. Hine & Robertson Com- 
pany, 168 Cortlandt Street, New York, have had 
printed on strong card-board for the convenience of 
those using indicators, scales for 12, 16, 30, 40, ro and 
6o-lb. indicator springs, and a table of areas of 
circles, from the diameter of the smallest piston rod 
to 56-in. cylinders. The scales, if purchased sepa- 
rately in boxwood, would cost $2, and in their 
present form are more legible and convenient for use 
than boxwood scales. Any of our readers may ob- 
tain one of these useful cards, free of charge, upon 
application tothe Hine & Robertson Company. 


Electrical House Goods. Huebel & Manger, 289- 
293 Graham Street, Brooklyn, have issued a new 
catalogue of bells, push buttons and electrical and 
brass goods, which will be forwarded to any of our 
readers upon application. Full lines of iron frame 
and box bells, wood box bells, push buttons plain, 
ornamental and special, wood and rubber switches, 
window and door springs, binding posts, etc., are 
shown in well executed cuts. In a note the manu- 
facturers state that in their bells they only use pure 
platinum-riveted contacts, lock-nut and immovable 
binding and contact posts, and a patented method of 
adjustment, thus insuring the highest efficiency of 
operation. 


Westinghouse Engines. In a new and hand- 
somely executed catalogue, the Westinghouse Ma- 
chine Company, Pittsburgh, Pa., gives a number of 
fine half-tone illustrations of the various types of 
the Westinghouse automatic engine, and views of 
some of the more important electrical generating 
plants with which this engine is used. Among the 
latter are the power plants of the Philadelphia 
Traction Company and Brooklyn City Railway Com- 
pany; the electric lighting plants of the Brush Elec- 
tric Company, Baltimore, and the United Electric 
Light & Power Company, New York; the electro- 
lytic plant of the Bridgeport (Conn.) Copper Com- 
pany; the engine room of the Philadelphia station 
of the Pennsylvania Railroad; the lighting plant of 
the Capitol at Washington, D. C., etc. One of several 
the respects in which the pamphlet will be useful to 
the electrical engineer and others is in showing 
modern arrangements of generating plants. 


182 


Blectric Heating. The American Electric Heat- 
ing Corporation, Sears Building, Boston, Mass., has 
issued two new catalogues of electric heaters, one 
dealing with car heaters, and the other with appar- 
atus for domestic use. Of car heaters a half dozen 
types are shown, and special forms of switches and 
cutouts for this service are described. For domestic 
use there is manufactured a full line of cooking de- 
vices, laundry irons, tailors’ goose irons, portable 
house warmers, glue pots, bicycle tire vulcanizers, 
curling irons, etc. To illustrate the advantages of 
electric heating, the smoothing iron may be taken as 
an instance. Withthe old method of heating irons, 
the mass of metal is raised to a high temperature, 
which is quickly lowered when the iron is applied 
to the work. For the first very few minutes the 
iron works fairly well, then as it begins to cool it 
requires more and more rubbing to accomplish the 
work which was done in a very brief time when the 
iron was “just right.” An electric iron, being a 
generator, is "just right” all the time, and the 
work progresses with such rapidity that in cases of 
continuous work there is an increased output per 
operator varying from thirty-three to fifty per cent. 
This alone would more than pay the whole of the 
cost for current supplied in -industrial establish- 
ments. In addition to this, the temperature iu the 
room in the summer months is never increased 
appreciably, while the great increase in tempera- 
ture due tothe use of stoves or gas heating appli- 
ances is frequently such as to decrease the output of 
the operator materially. No time is lost in cleaning 
the iron, no goods are injured by smoke or soot, 
etc., etc. d 


BUSINESS NOTES. 


Field & Hinchman, consulting engineers, have 
removed their offices to 1203-1204 Majestic Building, 
Chicago. 

The Rankin & Fritsch Foundry & Machine 
Company, St. Louis, Mo.—In the notice in our Au- 
gust issue of the two 1500-HP engines sold by this 
company to the Milwaukee plant of the Illinois 
Steel Company, the weight was erroneously given 
at 240,000 Ibs. each; this figure should have been 
340,000 Ibs. for each engine. 


H. B. Coho & Company, 203 Broadway, New York, 
report business in general to be first rate. Among 
the large orders received lately were several for 
100-KW and so-KW Eddy generators for the St. Paul 
Building, New York, and a complete electric plant 
for the Scranton Poor District. Their business in 
Eddy motors of all sizes is also very good. 


The Baechtold & Parker Electric Company, 79 
Washington Street, Brooklyn, has found it necessary 
to take more factory space in order to handle its 
rapidly increasing business. In addition to general 
repair work, the company makesa specialty of re- 
pairs to Wood arc dynamos and arc lamps, for which 
work its shops are especially well equipped. 


W. H. PicKinlock, president of the Metropolitan 
Electric Company, Chicago, reports a decided im- 
provement in business, especially in the telephone 
line. The Gordon cell, for which this company is 
the Western agent, is rapidly coming into favor 
with telephone, telegraph and railroad companies. 
The No. 1 Gordon cell is specially adapted for track 
circuit work, and the No. 2 for telephone service. 


Dixon’s Graphitoleo. In a recent circular the 
Joseph Dixon Crucible Company, of Jersey City, de- 
scribesthis preparation, which is a preparation ofa 
very finely pulverized and very choice graphite and 
a pure petroleum warranted not to gum or become 
rancid. An article thus combining a perfect lubri- 
cant and rust preventive, put up in convenient form 
will be appreciated by the electrician and engineer. 


The Americen Stoker Company, Dayton, O., has 
recently furnished the following stoker equipments: 


—Pennsylvania Railroad Company shops, Colum- | 


bus, O. (second order); Davis & Egan Machine 
Tool Company, Cincinnati, O.; Toledo Brewing & 
Malting Company, Toledo, O.; Mich gan Carbon 
Works, Detroit, Mich. (second order); John C. Roth 
Packing Company, Cincinnati, O.; Cleveland City 
Water Works, Cleveland, O. ' 


Whiteside & Foster, Western representatives of 
the Fischer Foundry & Machine Company, have 
closed a contract with the Western Electric Com- 
pany for two 225-HP, four-valve, center-crank Fischer 
engines, to be direct connected to two of the West- 
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ern Electric Company’s well known type of multi- 
polar.generators. This plant will be used for the 
purpose of illuminating the extensive shops of the 
Western Electric Company. 


J. Holt Gates has been appointed Western sales 
agent of the Walker Company, of Cleveland, O. Mr. 
Gates is also Western sales agent of the C. & C. 
Electric Company, New York, and in his salesrooms 
at 311 Dearborn Street, under Manhattan Building, 
he carries a full line of dynamos and motors, enab!l- 
ing him to make prompt shipments. With the 
Walker and C. & C. companies’ agencies, almost any 
requirement can be filled immediately. 


“Me. H. M. Montgomery for some time associated 

with the Goubert Manufacturing Company, of New 
York City, and previous to that for several years 
associated with the Babcock & Wilcox Com- 
pany, has gone with Thayer & Company, Inc., of 
Boston, New York and. Philadelphia, te be located 
in its New York office, in the selling department 
of Cahall and Batcock & Wilcox boilers, manu- 
factured by the Aultman & Taylor Machinery Com- 
pany, of Mansfield, O. 


Travel. Those of our readers to whom the trans- 
continental trip is but avague abstraction, will find 
a half hour’s pleasure in making the voyage in 
imagination with the aid of two handsome pam- 
phlets which may be obtained by application to E. 
Hawley, assistant general traffic manager of the 
Southern Pacific Railroad, 343 Broadway, New York. 
Both of the pamphlets “Sunset Limited” and “Hotel 
Del Monte,” are handsome specimens of the print- 
er's and engraver's art. 


Mr. Chas. Holmes, the well known purchasing 
agent of the Chicago Edison Company, returned re- 
cently froma two months’ pleasure trip in England, 
Ireland and Scotland. The trip was to enjoy a 
much needed vacation and was spent entirely in 
pleasure. While he did not devote any particular 
time or attention to electrical matters, Mr. Holmes 
says that his observation in regard to business in 
general was, that the times are much more prosper- 
ous in Great Britain than in this country. 


The Hoppes Manufacturing Company, of Spring- 
field, O., manufacturer of the well known “Hoppes” 
purifiers and heaters has been fairly busy for the 
past sixty days, having sold over 9000 HP of its 
product. Among some of its recent sales we 
note the following:--Purifiers of the following HP: 
850 (two), 750, 400, 300 (two), 250, 150 (two), 100 and 50 
(two). Feedwater heaters of the following HP: 1200, 
850, 600, 500, 400, 200 (two), 150 (four), 100 (two) and 
75. One of the purifiers was for export, and amomg 
the states represented we find the extremes of 
Massachusetts and Texas. 


The Electric Appliance Company, Chicago, has 
been particularly successful during the past month 
in closing some large deals for “O. K.” weather- 
proof wire. Several orders for good-sized complete 
new plants have been booked, together with some 
large orders for extensions for already existing 
plants. The company also reports that its success 
with Armorite iron-armored interior conduit is 
away ahead of its expectatious, and its sales have 
already been very large. Theconstruction trade 
recommends Armorite very highly on account of 
the ease with which the wire can be drawn into the 
tube, and also forits flexibility, which allows its use 
without elbows or couplings, saving time and ex- 
pense in installing. 


The Armorite interior Conduit Company, Detroit, 
is meeting with excellent success in the introduc- 
tion of its new interior conduit. The president of 
the company, Mr. J. F. Cummings, who is also the 
inventor of the system, states that architects are 
generally specifying it, and altogether the sales of 
the conduit have been most gratifying, considering 
the short time that it has been on the market. The 
special feature of this conduit is- that the interior 
insulation is very substantial and conforms to the 
iron tube in which it is placed in whatever way it is 
bent. A new catalogue and price list has just been 
issued by the company, which the company will 
send, free of charge, to any reader who mentions 
the AMERICAN ELECTRICIAN. 


The Colliery Engineer Company, proprietors of 
the Colliery Engineer and Metal Miner, of Home 
Study and the ‘International Correspondence 
Schools,’ have suffered from a fire, which occurred 
in the Coal Exchange Building, Scranton, Pa., on 
Sunday morning, Aug. 30, 1496. Fortunately, the 
printing plant cf the company was in another build- 
ing, and having reserves of all instruction and ques- 
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tion papers, drawing plates and other supplies and 
stationery used in the schools in still another build- 
ing, its business will not be seriously interfered 
with. The Colliery Engineer and Metal Miner and 
Home Study will be out withina few days of the usual 
time, and the instruction in the several schools is 
being carried on as usual. New quarters have been 
secured on the three upper floors of the new Mears 
Building, corner of Washington Avenue and Spruce 
Street, Scranton. 


The Proof of the Pudding, It is gratifying to 
manufacturers to receive a duplication of orders for 
their goods from people who, having tried them, are 
thoroughly familiar with their merits. In this par- 
ticular, the J. H. McEwen Manufacturing Company, 
Havemeyer, Building, New York, is particularly 
fortunate. and the company may well be proud of 
the numerous orders already received from former 
patrous, the latest one coming from the well known 
firm, Messrs. A. M. Rothschild & Company, of New 
York and Chicago. Messrs. Rothschild & Company 
have had in operation for the past eighteen months 
two 1oo-KW Thomson-Ryan generators direct con- 
nected to 15 in. X 16 in. McEwen automatic engines 
In reply to an inquiry, they sent the following 
letter, dated June 26, 1595: “In reply to yours of the 
24th inst. would state that the plant of thé McEwen 
people is entirely satisfactory, and cannot recom- 
mend same any too highly.” They have just placed 
an order for the third machine of the same size as 
the first two and thus verifying their opinion formed 


overa year ago. 
———_—_~9- 


CALIFORNIA. 


if you are going there 


by all means inquire about the Burlington Route 
Personally Conducted Excursions to San Francisco 
and Los Angeles, which leave Chicago every Wed- 
nesday with a Pullman Palace Tourist Car through 
to destination. The Route is via Denver, the Den- 
ver & Rio Grande Ry. (Scenic Line) and Salt Lake 
City. The Cars are fitted with carpets. upholstered 
seats. mattresses, pillows, blankets, bed linen, berth 
curtains, toilet rooms, heat and light, and, in fact, 
all the conveniences of a standard Pullman Palace 
car; ate lack only some of the expensive finish of 
the Pullmans run on the limited express trains, 
while the cost per berth is only about one-third (4) 
of the price. 

Write for full particulars to T. A. GRADY, Excur- 
sion Manager, C., B. & Q. R. R, 211 Clark Street, 
Chicago, Ill. 
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Harvest Excursions. 


In order to give everyone an opportunity to see 
the grand crops in the Western states and enable 
the intending settlers to secure a home, the Chicago, 
Milwaukee & St. Paul Railway has arranged to run 
a series of harvest excursions to South and North 
Dakota, and to other states in the West, Northwest 
and Southwest on the following dates: July 21, Aug- 
ust 4 and 8, September 1, 15 and 29 and October 6 and 
and 20, at the low rate of $2 more than ONE FARE for 
the round trip. Tickets will be good for return on 
any Tuesday or Friday within twenty-one days from 
date of sale. For rates, time of trains and further 
details apply to any coupon ticket agent in the East 
or South, or address F. A. Miller, Assistant General 
Passenger agent, Chicago, Ill. 
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A Handsome Book for a Two Cent Stamp. New 
Publication by the D. & C. Line. 


To those who contemplate taking a summer out 
ing, we will mail for 2c. postage our illustrated 
pamphlet, which contains a large number of fine 
engravings of every summer resort between Cleve- 
land, Toledo, Detroit and Picturesque Mackinac. It 
has many artistic half-tones of points of interest of 
the Upper Lake region. Information regarding both 
short and extended tours, costs of transportation 
and hotel fare, ete. 

Address A. A. SCHANTZ, G. P. A. 
Detroit, Mich. 


D a 
Tours in tbe Rocky Mountians. 


The “Scenic Line of the World,” the Denver & 
Rio Grande Railroad, offers to tourists in Colorado, 
Utah and New Mexico the choicest resorts, and to 
the transcontinental traveler the grandest scenery. 
The direct line to Cripple Creek, the greatest gold 
camp on earth. Double daily train service with 
through Pullman sleepers and tourists’ cars between 
Denver and San Francisco and Los Angeles. 

Write S. K. Hooper, G. P. & T. A., Denver, Col- 
orado, for illustrated descriptive pamphlets. 

ne: 


Did You Ever See an Indian ? 


Expect not, so send a two cent stamp to the Gen- 
eral eae Agent Colorado Midland Railroad, 
Denver, and he will send you a fine colored picture 


of one. 
eo 


Spend Your Vacation in the Mountains. 


But first write the General Passenger Agent of 
the Colorado Midland Railroad, Denver, for maps, 
views, and descriptive matter, so as to know where 
to go, 


American Electrician. 


Vol. VII. 


THE EVOLUTION OF THE STREET RAIL- 
WAY MOTOR. 


BY CHARLES T. CHILD. 


LTHOUGH the history of the street 
railway motor covers so short a period 
of time, it is difficult to assign the credit of 
its first conception. As early as 1825, Fara- 
day had produced his revolving disk, which 
was probably the first electric motor. In 
Europe, it was thirteen years later before 
Jacobi made the historical motor which seems 
to have been the first attempt on that side 
of the Atlantic to obtain an appreciable 
working power from the electric current. 
The honor of being the first to attempt 
electric locomotion probably belongs to an 
American, Thomas Davenport, of Brandon, 
Vt. In 1835 he exibited a little circular 
track, upon which a car was operated by cur- 
rent from primary batteries carried in the 
car. His motor was of the crudest possible 
type, a revolving electromagnet which 
successively attracted fixed bars of iron. 
The first serious attempt to propel a rail- 
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Grove battery mounted upon a car, he made 
a round trip from Washington to Bladens- 
burg, on the Baltimore & Ohio Railroad, 
in April, 1851. A speed of nineteen miles 
per hour was attained and the question of 
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of electric traction. In 1851, Prof. M. G. 
Farmer had built a model electric locomo- 
tive, not materially different from Page’s, 
but with its source of current stationary, the 
rails being used for conductors. In 1840, an 


FIG. I.--THE EDISON-FIELD MOTOR—CHICAGO, 1883. 


the possibility of electric traction was con- 
sidered to be forever settled. The results 
plainly showed that with the only means of 


FIG. 2.—THE DAFT MOTOR—BALTIMORE, 1885. 


way passenger car was made by Robert 
Davidson, of Aberbeen, Scotland, in 1838. 
In that year he built an electric locomotive 
of standard railway gauge, carrying an enor- 
mous battery of zinc and iron plates, with a 
motor consisting of a revolving drum faced 
with iron bars, and having a commutator 
which controlled the action of large fixed 
electromagnets. This machine made sev- 
eral successful trips on Scotch railways be- 
fore it met its fate—malicious destruction 
by railway employes. 

The next attempt was made in this coun- 
try by Prof. C. G. Page, of the Smithsonian 
Institution. In 1850, he built a motor of 
ten horse-power upon the lines of a steam 
engine, a solenoid-attracting arrangement 
taking the place of the cylinder. His sec- 
ond motor, of sixteen horse-power, used a 
U-shaped core attracted into two solenoids 
which were made with a graduated winding, 
giving a longer and more uniform stroke. 
With this motor and one hundred cells of 


# and motor. 


generating electric currents of sufficient 
power then known, the primary battery, the 
cost was prohibitive. For twenty-seven 
years no experimenter entered the field of 
electric traction and the labors of the earlier 
inventors were regarded as instructive les- 
sons which pointed out the fallacy of such 
an undertaking. 

In 1864, Paccinotti made his ring electric 
machine, the parent of the modern dynamo 
Three years later Siemens found 
that his dynamo was reversible and would 
run asa motor. Shortly before this, Wheat- 
stone in England, and Siemens in Germany, 
had independently invented the method of 
self-excitation for dynamos, and it only 
needed the labors of Gramme, in 1873, to es- 
tablish the commercial practicability of the 
dynamo machine and clear the way for the 
pioneers of the electric railway. 

Meanwhile, several ideas had been devel- 
oped in cognate branches of invention which 
were to be of use in the future development 


English patent for telegraphy to moving 
trains had foreshadowed the trolley. 

It was not until 1878, that serious experi- 
ments were again undertaken. George F. 
Green, of Kalamazoo, Mich., built in that 
year an experimental railway, using the rails 
for leading the current and proposing the 
use of the overhead wire. Poverty and the 
lack of encouragement prevented his suc- 
cess, although his inventions contained the 
germs of many subsequent developments. 

The first electric railway of the modern 
type was put in operation by Siemens and 
Halske, at the Berlin Industrial Exposition, 
of 1879. The motor wasa Siemens dynamo 
with a double gear reduction. The third 
rail method of conduction was used, and here, 
for the first time,a dynamo machine was 
used in place of batteries as the source of 
current. 

For four years the rivalry of two inven- 


FIG. 3.—THE VAN DEPOELE MOTOR— 
MONTGOMERY, 1886. 


tors, T. A. Edison and S. D. Field, prevented 
the accomplishment of any practical work 
in this country. Neither of them, however, 
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had applied for patents until some time after 
the Berlin Exposition success of Siemens and 
Halske. In Germany, these engineers had 
built, in 1881, a road between Lichterfelde 
and the Central Cadetten Anstalt near Ber- 
lin, which was the first commercial electric 
railway, and had equipped the Charlotten- 
burg and Spandau horse car line. On this 
latter the overhead wire was used for the 
first time. 

The summer of 1883 saw the beginnings in 
this country of serious work in the railway 
field. The conflicting interests of Edison 
and Field having been consolidated, they ex- 
hibited, in June of that year, at Chicago, an 
electric locomotive with belt connections to 
the axle. Their motor was practically a Sie 
mens dynamo. This machine was success- 
fully operated during the summer upon a 


FIG. 5.—SPRAGUE MOTOR—RICHMOND, 1888. 


short track, the third rail system being used. 
In the antumn of the same year, Leo Daft 
began his experiments on the Mount McGre- 
gor road at Saratoga. His motor-car was of 
twelve horse power and was used to haul a 
ten-ton passenger car over 1 miles of road. 
The trial trip was considered a pronounced 
success, sixty-eight passengers being carried 
at a speed of eight miles per hour, despite 
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a ‘* Multiseries ” switch. Iron wire was 
used on the fields, partly to gain resistance 
and partly in the belief that it would help 
The 


the magnetic conditions of the motor. 
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type being used. In the same year the first 
actual electric street railway, in direct com 
petition to horses was opened at Cleveland, 
O., by E. M. Bentley and W. H. Knight. 
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FIG. 4.—SPRAGUE MOTOR—RICHMOND, 1887. 


Strange to say, this was a conduit road. 
The motor was hung from the under side of 
the car body and power was transmitted to 
the car axles through wire rope belts. The 
conduit was a shallow wooden box. 

The first practical overhead line in Amer- 
ica was opened in the autumn of 1884 at 
Kansas City, Mo., the inventor being John 
C. Henry. In this installation a number of 
radical departures were made, some of them 
being highly ingenious. A 5-HP Van 
Depoele motor was used and was al- 
lowed to run continuously, the car axle being 
thrown in and out of gear at will by a fric- 
tion clutch. A system of spur gears al- 
lowed five changes of speed. The motor 
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potential was maintained 


practically constant at 100 
volts upon a third rail in- 
sulated on tarred wooden 
blocks. 

The first commercial installation in Amer- 
ica was onthe long pier at Coney Island in 
1884, a Daft motor of the Mount McGregor 


FIG. 7.—WESTINGHOUSE DOUBLE REDUCTION MOTOR— 1890. 


This motor was noteworthy in many re- 
spects. The field winding was in sections, 
the arrangement of which was controlled by 


FIG. 8.—WENSTROM MOTOR— 1890. 


speed was controlled by a ball governor, 
which threw resistance into the main circuit 
if the speed went too high. The motor, 
clutch and nest of gears, were hung in a 
square frame, one end of which was pivoted 
on the axle and the other supported by the 
platform. Henry used a two-wire overhead 
circuit, but seems also to have tried track re- 
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turn. Hismotoris notable as being the first 
one pivoted upon the car axle in the way 
now almost universally in use. In these ex- 
periments an arc light dynamo furnished 
the current, and the potential frequently 
rose to 1000 volts. 

In 1885, Daft constructed the most im- 
portant road to that date, from Baltimore 
to Hampden. The locomotives were simi- 
lar to that used at Mount McGregor, and 
hauled trains of one or two ordinary horse 
cars over a road having sharp curves and 
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FIG. 9.—THOMSON-HOUSTON SINGLE REDUCTION GEAR 
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difficult grades. The motors were of 12 
HP, having surface-wound Gramme ring 
armatures and fields built up of soft 
iron bars like the first Siemens dynamos, 
The motor was swung from both axles and 
geared to one of them by sprockets and 
chains. The front and rear wheels of the 
motor car were linked together like the 
drivers of a steam locomotive, by con- 
necting rods. The control was by commu- 
tation of the field winding. A third rail 
was used, except at road crossings, where an 
iron gas-pipe held on bracketed poles served 
as conductor. On the roof of the locomotive 
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The experiments of C. J. Van Depoele in 
the electric motor field began in 1874. In 
1884 he operated a car at Toronto, Ont., at 
the Exposition of that year, and in 1885 he 
built a large locomotive for passenger service 
in the same city. This machine was similar 
in its general arrangements to Daft’s, and 
was operated from an overhead circuit, the 
trolley running on the upper side of the 
wire. The motor was built for constant cur- 
rent, a 40-light arc machine being used as 
generator at the station. In 1886 Van De- 


poele constructed a similar line at Minne- 
apolis. 

Experiments made in 1885, and Daft’s re- 
sults at Baltimore, having shown that several 
cars could be operated in multiple from a 
constant potential circuit, Van Depoele con- 
structed in 1886 a line at Montgomery, Ala. 
His motors were of 10 HP, weighed 700 lbs. 
each, and one was carried on each car. 
The armature was a Gramme ring, wound 
on the surface. The fields were of cast iron. 
For regulation an auxiliary coil, practically 
a resistance coil, was wound on the 
field. There were two pairs of tangential 


FIG. II.—SHORT GEARLESS MOTOR—18gI. 


was a mast arm, adapted to be raised by hand 
from the inside, and carrying a flat metal 
brush to make contact with the overhead 
conductor. This was probably the first use 
of the underrunning trolley. The potential 
was maintained constant at 100 volts, two 
shunt wound dynamos furnishing the cur- 
rent. Thesimultaneous operation of several 
cars on this line settled the contentions of 
those who maintained that motors could not 
be successfully worked in parallel. 


brushes set in opposite directions in a frame 
arranged to lift one and put the other in con- 
tact with the commutator when the car was 
reversed. A similar arrangement had pre- 
viously been used in the Daft motors at 
Baltimore. The armature shaft was geared 
to a countershaft, from which the axle was 
driven by a sprocket and chain. The trol- 
ley, running on the top of the wire, trailed 
out behind the car at the end of a flexible 
cable. 
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During the year 1886 the most noteworthy 
developments were the experiments of F. J. 
Sprague on the elevated railroad in New 
York City. His experiments were without 
immediate valuable results, but the experi- 
ence gained in them and his successful work 
in the stationary motor field fitted him to 
essay the difficult task of the equipment of 
the Richmond road in 1887, and doubtless 
contributed to the brilliant success he 
achieved in that installation. 

The Richmond road was opened early in 
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FIG. I10.—EDISON SINGLE REDUCTION GEAR 
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1888, with 13 miles of track, 20 cars in use, 
and six 40-KW generators at the power 
house. It was immediately and completely 


successful, and the principles there em- 


ployed by Mr. Sprague underlie practically 
all that has been done since in railway 
motor design. The radical and novel feat- 
ures of the Richmond motors were the un- 
derrunning trolley, movable in all direc- 
tions, fixed brushes, flexible support of the 
motors pivoted on the car axle, the use of a 
separate motor on each axle, and series- 
parallel control. The motors were of 7% 
HP each and geared with a single reduc- 


FIG. 12.—THOMSON-HOUSTON ‘f WATERPROOF” 
MOTOR—IS89I. 


tion to the car axle, although this, and the 
series-parallel control, were abandoned 
shortly in favor of simpler devices for con- 
trol and a gearing of two reductions, per- 
mitting higher armature speed. The stan- 
dard pressure of 500 volts was adopted here 
for the first time. 

The first improvement of the Sprague 
motors was the adoption of a simple U- 
shaped frame, putting the armature fur- 
ther from the axle and making room for the 
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double reduction gear. The noise of spur 
gears running at high speeds, and their 
rapid wear, suggested the expedient of en- 
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minor companies introduced new forms of 
motors, but no noteworthy advance in con- 
struction was made until the advent of 
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FIG. 13.—MOTOR OF 90-TON LOCOMOTIVE—BALTIMORE, 1895. 


closing the gearing in tight boxes filled with 
oil. With added experience many minor 
modifications of the mechanical details were 
made. 


FIG. I4.—INTRAMURAL RAILWAY 


1893. 


The motors of the 1887 type had Siemens 
cylinder armatures, wound on the surface, 
with a commutator at each end, In the 
1888 type there was but one commutator, 
the general form of the armature being the 
same in other respects. 

The Thomson-Houston Company having 
bought the Bentley-Knight and Van De- 
poele patents, entered the field in 1888 with 
a motor generally similar to the improved 
Sprague type, but different in the method 
of its control. A rheostat was used in the 
main circuit, and a portion of the field coils 
arranged to be cut out for the highest 
speeds. While many looked upon the rheo- 
stat as wasteful of current and a retrograde 
step, it served the important ends of keep- 
ing the motors cool and reducing the shock 
of starting, the wear of the gears and the 
heavy currents that poured through the 
older types of motors before their arma- 
tures acquired speed. 

During the next few years a number of 
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the Wenstrom motor in 1890. This was a 
slow-speed, four-pole motor, having deeply 
imbedded armature winding, and proved to 
be the first practical, single reduction motor 
built. The follow- 
ing year saw the ad- 
option of a similar 
type by the leading 
manufacturing com- 
panies. 

In 1891 gearless 
motors, for direct 
connection to the 
car axle, were put 
upon the market by 
two companies and 
vigorously advertis- 
ed, but eventually 
abandoned, their 


high cost as compar- 
the very 

single 
motors 


ed with 
satisfactory 
reduction 
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modification has held its place until the 
present. 

Recent improvements have been in the 
direction of strength, 
better insulation, reduced 
weight and better meth- 
ods of support. The 
old machines with 
heavy cast iron frames, 
inefficient magnetic cir- 
cuits, surface-wound ar- 
matures running at high 
speeds, and windings and 
journals exposed to the 
dust and mud of the track, 
have evolved by slow 
steps into the powerful, 
compact and light motors 
of to-day, with their con- 
cealed working parts and 
almost indestructible con- 
struction. Few machines 
have been more often 
re-designed than the 
street railway motor and 
few are more successful. In the decade 
its weight and speed have been halved, while 
its torque has been doubled. 

It is interesting to compare the old ma- 
chines with those of to-day and to note what 
perfection of detail is embodied in the 
modern designs. 

The Walker motor is an iron-clad, four- 
pole type, arranged for simgle reduction 
gear. Its field casting is of low steel, in 
two parts, each of which contains two of the 
four-pole pieces. The armature is of the 
drum type, deeply slotted, wound with flex- 
ible wire in the smallest size and with flat 
ribbons in the larger sizes, in both cases the 
coils being formed in a machine before ap- 
plication to the armature. After the wind- 
ings are in position, the face of the armature 
is covered with a layer of insulating wrap- 
ping and then banded. The commutator is 
of drop-forged copper and is very heavily 
insulated with mica. All four of the poles 
are salient, the four identical coils being 


FIG. 15. —WALKER 25-HP MOTOR—1896. 


practically ruling them out. Late in this 
year the dust and water-proof iron-clad 
motor made its appearance, and with slight 


wound on a former and heavily taped. The 
terminals of these coils are soldered to 
binding-posts which are taped into the coils, 
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leaving only their ends projecting to form a 
very solid and satisfactory connecting ar- 
rangement. The coils are secured to the 
polar projections of the field by brass clamps 
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on springs in all directions. This obviates 
the otherwise severe ‘‘pounding’’ of the 
track when the weight of the motor is either 
wholly or in part rigidly borne by the axles. 
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exactly alike on a former and afterwards put 
in place on the armature. The frame of the 
motor consists of two bowl-shaped steel 
castings, hinged and bolted together, each 


bolted on. The similarity of the four poles 
is claimed to produce a uniform balance of 
field which is highly desirable. 

The bearings are entirely outside of the 
shell casting which forms the casing of the 
motor. The inner end of each bearing pro- 
jects into a sort of pocket in the casting, in 


FIGS. 16 AND 17.—GENERAL ELECTRIC—1896. 


The control of the Walker motor is not 
materially different from that of the standard 
forms. 

The General Electric Company’s most re- 
cent type is one designed to meet the con- 
ditions of both urban and suburban service, 
and intended primarily for use on cars that 


FIG. 18.—WESTINGHOUSE— 1896. 


which runs a disk fitting loosely upon the 
shaft. Any grease or oil oozing through 
the inner end of the bearing is thrown cen- 
trifugally to the edge of this disk and flies off 
to impinge upon the wall of the pocket and 
flow down to a hole at its lowest point, where 
it falls out upon the ground. 

The form of suspension characteristic of 
this motor is one of its chief features. The 
armature shaft, which is the axis of sym- 
metry of the motor, passes through supports 
at the ends of a U-shaped frame, the base of 
which is clamped around the car axle upon 
which it bears, through suitable journals at 
the ends. Lugs are cast upon the motor 
case which project back towards the axle 
and engage with springs resting upon the 
base of the U-frame directly above the axle. 
On the front, or other side, of the motor 
case is a hook which engages with the ordi- 
nary spring-suspended cross-bar of the truck. 
By this arrangement the legs of the U-frame 
maintain the motor shaft and car axle at an 
invariable distance, keeping the gears in 
mesh, while the heavy motor is cushioned 


are to be operated from the heart of a city to 
its suburban districts. This motor is of the 
4-pole single-reduction, tron clad type, all 


of which carries two of the pole-pieces. The 
commutator is of very simple and substan- 
tial construction, with a large allowance for 
wear. Thecarbon brushes are held radially 
in simple brush-holders mounted upon an 
enameled wooden yoke. The bearings are 
very large and so constructed that either oil 
or grease may be used for lubrication. The 
ratio of gear reduction is 3.94 to I, giving a 
very low armature speed. 

The suspension of this motor is by the car- 
axle and a ‘‘ yoke” which is attached to the 
forward part of the field casting and bent 
around backwards until its attachments to 
the truck frame are in line with the center 
of gravity of the motor. This is practically 
equivalent to a balanced suspension, and 
greatly relieves the hammer blow on the 
track caused by great weight of motor on 
the car axles. The control equipment is of 
the usual General Electric type, including 
resistance. The total weight of the motor 
is 1950 lbs. 

The Westinghouse Electric & Manufactur- 
ing Company, has recently introduced a 
new type of 50-HP motor for use on interur- 
ban roads or in situations where high speed 


FIG. I19.—WESTINGHOUSE— 1896. 


four poles being salient. The armature is 
of the usual drum form, deeply slotted, the 
winding being a modification of the Eicke- 
meyer plan, by which all the coils are made 


or great power is demanded. This motor 
has single-reduction gearing, four salient 
poles and the usual water-proof iron-clad 
field, cast in two parts and hinged together. 
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The upper and lower parts of the field form 
a completely enclosed casing in which are 
contained the armature, commutator, 
brushes, and field coils, which are thus en- 
tirely protected from dirt and moisture. 

The armature is of the slotted drum type 
with machine wound coils and special ar- 
rangements for ventilation. The ends of the 
coils are not covered with caps, but are sep- 
arated from each other by air spaces, which 
greatly facilitate the dissipation of heat. 
Each coilis enclosed in an insulating cell, 
and the design of the winding is such that 
the time required to remove and replace an 
injured coil is reduced toa minimum. In 
addition to the end ventilation, openings in 
the core parallel to the windings are so ar- 
ranged that air is forced to circulate through 
them. The diameter of the armature is re- 
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air through the armature. The commutator 
is double keyed and of large size. The field 
coils are wound on brass spools for security 
against chafing. The bearings are phosphor- 
bronze, of generous size, and are provided 
with checks which keep oil out of the motor 
case. 

The control is adapted to operate the 
motors either in series-multiple or multiple 
only. A divided resistance is used, and for 
certain steps of the control, a shunt coil in 
parallel with the fields, which increases the 
armature current while weakening the field, 
thereby accelerating the speed of the motor. 
In this motor, suspension is by the car 
axle and the forward end of the cast frame. 

A comparison of these modern types 
shows the substantial agreement between 
different designs growing out of widely dif- 


FIG. 20.—STEEI, MOTOR COMPANY—1896. 


latively small, reducing the peripheral speed 
and consequently the centrifugal strain 
upon the coils. 

The field coils are very solidly made and 
carefully insulated with mica. The commu- 
tator is large and contains an ample allow- 
ance for wear. The bearings are arranged 
so that the lubricant cannot get inside the 
motor case and reach the commutator or 
windings. The two bearings of the arma- 
ture shaft are identical and interchangeable. 

The ‘‘cradle’’ method of suspension is 
used with this motor, as is shown in the cuts, 
although the front method of suspension 
may be adopted in mounting it upon trucks 
to which the other is not well adapted. 

The Steel Motor Company’s type of en- 
closed single-reduction motor has four poles, 
of which two are salient and two are induced 
or consequent. The case is of low-carbon 
steel, made in two parts, each of which con- 
tains one of the salient pole pieces and half of 
each of the two consequent pole pieces. The 
armature is of the usual slotted drum type, 
with holes parallel to the shaft for ventila- 
tion. The coils are machine wound and 
laid in insulating troughs in the slots, after 
which a hard-wood strip is driven down on 
them and the armature banded. The heads 
are covered with canvas and brass shields, 
which prevent the coils from spreading at 
high speeds, but permit free circulation of 


ferent original types. The latest develop- 
ments of the street car motor by different 
makers are nearly identical, all of them hav- 
ing four-pole, enclosed, cast steel frames, 
slotted drum armatures and single reduction 
gear. Experience has shown this type to be 
the best, and it is an excellent illustration of 
the ‘‘ survival of the fittest.” 

The elevated railway and the suburban 
road have offered attractive problems to the 
designers of motors. The first experiments 
on the New York elevated roads were those 
of Sprague, in 1886. In 1887 and 1888 Daft 
experimented almost continuously on the 
Ninth Avenue road with rematkable success, 
but the extinction of his company in the 
struggle for existence put an untimely end to 
his labors. Not until 1893 was the electric ele- 
vated road an assured engineering and finan- 
cial success, as demonstrated by the installa- 
tion of the Intramurai line at the World's Fair 
and the Liverpool road. This was followed 
by the equipment of the West Side Elevated 
Railway in Chicago. The underground rail- 
ways of London afforded an excellent oppor- 
tunity for electricity, and the complete suc- 
cess of ,their gearless locomotives has 
demonstrated the peculiar fitness of the 
electric motor for this variety of work. The 
adoption of electricity in the Belt Line tun- 
nels at Baltimore, not only added to the 
force of this demonstration, but has shown 


” carried in the conduit. 
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the ability of designers to plan motors for 
the heaviest service. 

Somewhat foreign to the title of this 
paper, but of interest in this connection, is 
the development of storage-battery traction 
and the underground conduit. As early as 
1885 Reckenzaun had operated accumulator 
tram-cars in Berlin. Edward Julien had ex- 
perimented in 1881 and 1882 and by 1885 
had made a very successful car, which was 
brought to this country and operated on the’ 
Eighth Avenue road in New York. The 
motor, of Reckenzaun’s design, was bi-polar, 
with rope belts to a countershaft, and thence 
sprocket and chain gear toaxle. Numerous | 
attempts have been made since to operate 
storage battery cars, but the inherent de- 
fects of accumulators, their weight and their 
costly depreciation, have not as yet enabled 
these cars to compete with other electric 
systenis or cables. 

The underground conduit has been a most 
attractive problem to inventors as is shown 
by the multitude of patents granted for 
such systems, While the first commercially 
operated road in America used a conduit, 
their success was problematical until last 
year. A considerable system at Budapest 
has been successfully operated in this way 
since 1889, but under conditions of climate 
different from those in this country. In 
1893, a short line was installed in Washing- 
ton, D. C., but its success was not reassur- 
ing. The summer of 1895, however, saw the 
installation of important systems both in 
New York and Washington. In both cases 
the work is of the most massive and solid 
character, both sides of the circuit being 
The construction 
cost, in both cases, also, was very great, but 
the entire success of the systems is un- 
questioned. 

The future will probably show little 
further development of the types of motors - 
now in use. Itis probably in the direction 
of accumulators and the use of alternating 
or multiphase currents that we must look 
for radical innovations. The evolution of 
the street railway motor from its early crud- 
ities to the highly perfected machines of 
to-day in ten years,is a monument to the 
genius, patience and skill of American en- 
gineers, 
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In orderto make brief mention of the nu- 
merous teachings and lecture courses of the 
Brooklyn Institute of Arts and Sciences, for 
the 1896-7 season, a prospectus of no less 
than 109 pagesis required. The Department 
of Electricity, of which Mr. James Hamblet is 
president, and Mr. Henry T. Weed, secretary, 
will have eight illustrated lectures on cur- 
rent topics of interest in electricity, and in 
addition, a course of five lectures on the 
science of electricity, by Dr. M.I. Pupin. 
The lecturers in the first named course will 
be Mr. T. Lester Woodbridge, Prof. Samuel 
Sheldon, Dr. William M. Hutchinson, Prof. 
E. T. Houston, Prof. W. C. Peckham, Dr. 
Charles E. Emery, Mr. William Barstow and 
Mr. Gano S. Dunn. In the Department of 
Engineering, Prof. R. C. Carpenter will lect- 
ure on the ‘‘ Limitations of Steam and Elec- 
tricity as Motive Powers ’’. 
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STEAM ENGINES FOR ELECTRIC RAILWAY 
` SERVICE. 


The selection of an engine for electric rail- 
way work, more than for any other applica- 
tion of stationary engines, should be based 
upon a broad, practical, comprehensive grasp 
of all the requirements—not upon commer- 
cial considerations, expediency, prejudice, 
individual performances or guarantees, but 
on the results to be obtained by the station 
asa whole and of which the engine is one 
out of many interdependent units. 

Efficiency, rated power, type, speed, all of 
these factors are subordinate in the individ- 


ual unit to the highest—not economy—but 
earning capacity of the station. 

It must not be understood that any quality, 
however humble, is to be neglected, but sim- 
ply that it is to be rated at its proper value 
in comparison with all the qualities of all the 
units and not merely with its own. 

Engine efficiency is usually an important 
factor, and an engine is efficient in propor- 
tion, first, to the reduction of heat losses due 
to conduction and radiation; second, to the 
reduction of clearances; third, to the reduc- 
tion in friction; fourth, as the valves and 
pistons are designed to prevent leakage with 
wear; fifth, to the increase in steam pressure 
with properly. proportioned cylinders; sixth, 
as the cylinders are properly proportioned 
to the average load; and seventh, to the per- 
sonal equation of the engineer. 


FIG. 3.—BALL & WOOD. 


The total value of these several factors in 
engine efficiency cannot be calculated with 
any great degree of exactness, and the prob- 
able value must, for the most part, be deter- 
mined by a judgment based on experience 
and knowledge of existing conditions. It is 
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always desirable to avoid complexity, radical 
innovations and extremes in theories. 

The so-called rated power of an engine is 
principally valuable as indicating at about 
what load the engine will show its highest 
steam economy; it bears no necessary rela- 
tion to the market value of the engine nor to 
its working capacity. An engine 1ated at 1000 
I. HP may be designed to carry an overload 
of 10, 20, 50 or 100 per cent., and for short,, 
moderate or indefinite periods—the rated 
power bearing no relation to the ultimate ca- 


pacity, the former being based on consider- 


ations of steam economy and the latter deter- 
mined by mechanical reasons. 

The type of engine to be selected depends 
largely upon considerations external to the 
engine itself after the decision is made as to 
whether the engine shall be simple, double 
or triple compound. 

The selection may be determined by the 
shape or size of the power house, the design 
of the roof trusses, the scheme for piping, 
the number and type of condensers, accessi- 
bility of the generator, 
personal preferences, 


conservatism, first 
cost, or mechanical ad- 
vantages. 


To-day we find a 
preference for horizon- 
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ever,that there is now a strong leaning toward 
vertical engines in the larger sizes, and it 
would undoubtedly be far stronger were it 
not for the natural conservatism of buyers 
and the retarding influence of manufacturers 
who are not prepared to build large verticals, 
or whose product cannot be easily adapted to 
the requirements of vertical construction. 
Experience and the gradual refinement of 
engine designs have done much in the past 
three or four years to bring about a fair de- 
gree of unanimity on the formerly much 


FIG. 2.—MCEWEN. 


vexed question of engine speed. The gen- 
eral sentiment is tending toward what may 
be termed moderate speeds in contradistinc- 
tion to what have been termed Aigh and low 
speeds; for engines from 300 to 800 I. HP, 150 
to 120r. p. m.; from 600 to 1000 I. HP, 150 to 
100 r. p. m.; and from 1000 to 2500 I. HP, 120 
to gor. p.m. It is not intended to convey 
the idea that higher or lower speeds are nec- 
essarily objectionable, but simply that these 
speeds in high grade engines give apparently 
about equal average steam economy with 


FIG, 4.—WESTINGHOUSE. 


tal, side-crank, tandem-compound engines up 
to about 800 I. HP; from 800 I. HP to 1500 I. HP, 
horizontal tandem and cross compound are 
about equally favored; while above 15001. HP 
the cross compound is preferred, chiefly for 
mechanical reasons. It should be added,how- 


engines of lower speeds, have equal life, cost 
less and require less floor space. j 
As a matter of fact, the value of the rela- 
tion between length of stroke—or speed—and 
steam economy is a very uncertain quantity. 
As an interesting and rather remarkable ex- 
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ample may be cited the performance of a re- 
cently installed 22-in. stroke, 2150-HP, triple 
expansion engine in the Amoskeag mill, 
which forms the subject of an article from 
the pen of Capt. C. H. Manning in the Octo- 
ber number of Cassier’s Magazine. 

At about four-fifths its economical load and 
at 252 r. p. m. this, engine required but 1.38 
Ibs. of coal per 1. HP an hour, this including 
the coal used in banking and restarting fires, 
and the loss occasioned by throwing away 
the water of condensation from cylinder and 
receiver jackets. 


FIG. 5.—ATLAS. 


Other theories have also suffered in the 
gradual evolution of engine design and prac- 
tice. High estimates of the value of cylin- 
der jacketing are questioned, ratios of heat- 
ing surface in intermediate receivers to 
engine horse-power vary widely, and there 
are most conflicting results bearing on the 
proper ratios of cylinders at given pressures 
—all of which will ultimately be determined 
to some degree of exactness by the accumu- 
lation of experimental evidence. 

In the essential mechanical features of en- 
gine design there is already a marked ten- 
dency toward uniformity, as an examination 
of the higher grade of engines will show— 
not always superficially apparent, but notice- 


AMERICAN ELECTRICIAN. 


ers descriptions in full detail of some of 
the types, accompanied by illustrations of 


` valves, governors, etc. 


Fig. 1 represents a Watertown tandem- 
compound engine direct connected toa West- 
inghouse railway generator. The special 
advantages claimed for this engine are, first, 
its substantial, almost massive design, and 
the solid and heavy construction of all its 
parts. Thisis not limited to increasing the 
weight of the flywheel rims, but is shown in 


the proportions of the frame, the unusual 
size of the shaft, the very generous bearings, 
and the exceptional weight of every part of 
the engine that encounters strain. 

Cards recently taken from a pair of these 
engines after several years’ service show 
that they are meeting an almost instantane- 
ous change of load, ranging from nothing to 
an overload of more than 8o per cent., and 
this without injury and without perceptible 
variation of speed. 

A second advantage claimed for the en- 
gine is the arrangement by which the cyl- 
inder jacket is extended to cover the space 
between the cylinders. This not only pre- 
vents radiation from the cylinder heads, a 
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of the two cylinders may be operated by en- 
tirely independent mechanism. The work- 
ing parts of the engine, while easily accessi- 
ble, are nevertheless as far as possible 
covered and protected. 

The manufacturers direct attention to the 
method by which the outboard cylinder is 
supported on its base. This admitsof quick 
and easy adjustment in all three directions, 
holding the cylinder firmly in position. 

Fig. 2 shows the automatic cut-off engine 
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FIG. 6.—WESTON. 


of the J. H. McEwen Manufacturing Com- 
pany. This type, which was placed on the 
market in the spring of 1891, is particularly 
simple in construction. All parts of the en- 
gine are made interchangeable, every part be- 
ing made to gauge. All bearing surfaces are 
unusually large and are carefully scraped and 
fitted. This insures long life to the engine, 
as well as a minimum amount of adjustment. 
The governor is of a combination inertia and 
centrifugal design. It will be seen that the 
inertia and centrifugal weights are combined 
in the same bar, and it is claimed to be al- 
most impossible to destroy the perfect regu- 
lation of this governor, unless by deliberate 
intent. It requires no lubrication, there 


able in the details which go for strength, ad- 
justability and accessibility rather than for 
appearance. 

The engines described below, together 
with the accompanying illustrations, will 
give a fair idea of present types of steam 
engines employed in street railway work. 
Owing to the limitations of space, the de- 
scriptions are somewhat summary, but in 
future issues we hope to present to our read- 


FIG. 7.—MCINTOSH & SEYMOUR. 


point so often neglected, but it also covers 
the unsightly leakage of steam from glands 
that may not be tightly packed. The re- 
moval of a single panel gives easy ac- 
cess to the stuffing box and cylinder heads. 
By loosening a few nuts either cylinder is 
quickly released and either piston removed. 

Both valves may be connected with the 
governor and the point of cut-off shifted 
simultaneously, or, if preferred, the valves 


being but one bearing, and this of the roller- 
pin type, the parts being one spring, one 
weight and a dash-pot. The air dash-pot, 
and the centrifugal action of the piston of 
dash-pot is balanced by counter-weight at one 
end of dash-pot piston rod, so that no lubri- 
cation of this piston is necessary. 

Perfect regulation is very important in 
street railway service. The makers of this 
engine claim that its regulation cannot be 
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surpassed, the engine running at absolutely 
the same speed under all changes of load and 
steam pressure so long as there is pressure 
enough to do the work, and without any ten- 
dency to race. 

In Fig. 3 is shown one of ten engines 
installed by the Ball & Wood Company in 
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expected that 15 lbs. of dry steam per in- 
dicated horse power per hour will be realized 
when the plant is in thorough working con- 
dition. The same type of engine, of course, 
is entirely suitable for street railway work. 

In Fig. 4 is shown a coupled type of unit, 
in which the generator rests in its own bear- 
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the power house of the Edison Electric Illu- 
minating Company at Paterson, N. J. This 
plant consists of seven 600-HP., vertical-com- 
pound, condensing engines, two of 700 HP and 
one of 450 HP. Eight of these are of the 
direct-connected type, carrying General 
Electric generators, one on each end of the 
engine shaft. The two 700 HP engines are 
to be used for arc lighting and are connected 
to the generators by rope drives. 

The aim kept in view in designing these 
engines has been to obtain Corliss economy 
with a relatively high speed, that of the 
engines being from 140 to 160 r. p. m. To 
this end, a Corliss type of rotating valve, 
placed in the cylinder heads, has been used, 
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FIG. 8.—BALL. 


ings, the engine being left free to do its own 
adjustment, a coupling usually more or less 
flexible uniting them. 

This type of apparatus has been largely 
advocated by the Westinghouse interests, 
and was first put upon the market by West- 
inghouse, Church, Kerr & Co., who were 
very early in the field with this design, 
which has become familiarly known as the 
‘“Kodak,” and which involves certain inter- 
esting engineering features. In this type 
the engine and generator stand independ- 
ently on a heavy bed plate, or, in some 
cases, simply upon a suitable foundation 
without bed plate, and the power is trans- 
mitted through a flexible coupling, in which 


ç — tt U Tag < À 
á HA t r ä —_— s 
aT. S ko a a. iia. E 
mAT ag g tg OR f- > H 7 pem 5 Tas 
~s nt nee , “feat De qera SS i 
a " 
EN 5 


and instead of a releasing gear, these valves 
are operated from a wrist plate connected to 
the eccentrics. The standard Ball & Wood 
governors are used, fitted in this case, how- 
ever, with double springs; the- regulation 
has been found very satisfactory, much 
within one per cent., and it is confidently 
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FIG. 9.—COOPER. 


the springs are hung from the inside of the 
rim attached to the engine flywheel, and 
their other ends attached to a spider of suit- 
able construction on the generator shaft. 
This design at once admits of perfect flex- 
ibility to counteract misalignment, wear, 
spring of bed plate or settling of foundation, 
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and gives an elasticity far greater than that 
obtained from any belt, while at the same 
time it allows a desirable amount of end play 
on the generator shaft. This form of coup- 
ling transmits power, large or small, and 
handles widely varying loads, in a particu- 
larly efficient manner; the benefits arising 


from it are chiefly manifest when the appar- 
atus has been in use over a long period of 
time and the bearings have become worn, as 
they eventually do in all forms of engines. 

The illustration shows a ‘‘ Kodak ” outfit 
in the engine room of the Fitchburg & Leo- 
minster Street Railway, which is laid out 
with the Westinghouse ‘‘ Kodak ” of 330 HP 
as a unit, and is operated condensing, with 
excellent economical and operative results. 
The illustration gives a fair view of the way 
in which this design of apparatus lends itself 
to the arrangement of such an engine room. 

This whole design of the ‘‘ Kodak ” is of 
particular interest in that it involvesa type of 
engine differing widely from engines of other 


types, and employs the elastic and flexible 
mode of connection above referred to. 

The Atlas ‘‘ Cycloidal High Duty Engine” 
is shown in Fig. 5, and is particularly 
notable from the type of valve and valve 
gear employed. The cylinders have four 
valves—two steam and two exhaust—with 
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short steam passages and removable valve 
seats and cylinder linings. The valves are 
worked direct from the governor and two 
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against any springing tendency. The main 
bearings are of the quarter-box type with an 
adjustable cheek piece to take up wear and a 
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FIG. I0.—WILLANS. 


intermediary of 
etc. Both steam 
multi-ported and 


eccentrics without the 
claws, trips, dash-pots, 
and exhaust valves are 
have a minimum travel. 

The exhaust valves are operated by a fixed 
eccentric; the steam valve eccentric is con- 
trolled by a wheel governor with roller bear- 
ings. The main feature of the valve gear 
consists in the manner whereby motion is 
given to the steam valves. On the end of 
the valve stem is a roller against which 
bears a cycloidal cam on a vertical shaft 
rocked by the valve rod. The inward mo- 
tion of the valve is given by this cam, and 
the return motion results from an unbal- 
anced pressure of steam in the valve chest 
onthe steam valve. 


The automatic engine of the Weston En- 
gine Company, shown in Fig. 6, has been 
particularly designed for electric lighting 
and street railway work, where regulation 
and efficiency is of so much importance, and 
is built for connecting direct to the gener- 
ator and also for belting. The engine is 
made very massive and strong to withstand 
the strains due to overloads and short cir- 
cuits. 

Every wearing part has provision for ad- 
justment, so that with proper attention from 
the engineer there can be no noise in run- 
ning, even after years of service. Hardened 
steel is used wherever advisable and every 
nut is case-hardened. The engine bed is 
made especially heavy, having interior 
ribs running across and lengthwise in suffi- 
cient number to make it rigid, and proof 
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nitude, and is so constructed that the piston 
rod, after being fastened to it, cannot get 
loose by accident. The reciprocating parts 
are balanced entirely in the crank disks, the 
wheels being balanced independently. The 
cylinder and steam chest are in one casting, 
and a cast iron jacket allows the cylinder to 
be covered with mineral wool for the pre- 
vention of condensation. The piston is 
made hollow and grooved for cast-iron 
packing rings. The crank-shaft and crank- 
pin are made in one piece from steel, and are 
provided with detachable counterbalancing 
disks, no built-up cranks being used by this 
firm. 

The valve is a single casting, with accur- 
ately parallel faces, and works steam-tight 
between its seat and a heavy pressure plate, 
the entire pressure of steam being carried by 
the pressure plate, and the valve thus left to 
work in perfect balance, even under the most 
extreme steam pressure. The governor, 
which is of the wheel type, is adjusted by an 
arrangement which permits of regulation to 
a degree approaching synchronism, if de- 
sired. No dash-pots are used, but the 
weights so arranged with relation to the 
weight lever pivots and to the points of at- 
tachment to the eccentric that their own 
inertia destroys any tendency to vibration. 

Fig. 7 shows a horizontal, tandem-com- 
pound, direct connected railway engine made 
by McIntosh, Seymour & Company. 

Gridiron valves are used on both high and 
low pressure cylinders, and the clearance is 
reduced to a’ minimum, it being claimed to 
amount to only about one-half the clearance 
on Corliss engines of the same stroke. The 
valve gear is positively driven and admits of 


FIG. II.—BUCKEYE. 


cap made adjustable with babbitt liners. The 
guides are a fixed portion of the bed, planed 
and accurately scraped. The cross-head is 
adjustable to accommodate wear of any mag- 


any speed, the same valve gear being used 
on engines rnnning at 60 r. p. m., Ioor. p. m., 
200 r. p. m. or 300 r. p. m. This valve gear 
is controlled at every point by the governor, 
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and prevents any possible running away of 
the engine under any condition of load or 
any condition of change in load. 

The makers claim as a great advantage 
the fact that the valves are unbalanced, and 
therefore wear tight, since with most ex- 
isting forms of valve gear, including the 
Corliss, the wear renders the valve leaky, 
causing an increasing loss of economy. At 
the same time, they state, the valves are 
easily driven, as they are only in motion 
when the ports are open and are at rest 
when the ports are closed, so that the valve 
gear on the largest engines can be easily 
handled with the full steam pressure on. 
The admission valves are double, and move 
in opposite directions when opening and 
closing, so that a full opening or closing is 
obtained with a very slight movement of the 
valve itself; in a 1000-HP engine the distance 
is only about 1% ins. The method of tak- 
ing hold of the valve gear by the eccentric 
ia such that angularity is corrected, for 
there is the same movement of the valve for 
both ends of the stroke, and for all loads. 
The governor controls the cut-off both in 
the high and low pressure cylinders, so that 
the division of load and the fall in tempera- 
ture in the high and low pressure cylinders 
are equalized for all loads. 

Between the high and low pressure cylin- 
ders a long babbitted sleeve is provided in 
which the piston rod runs. This serves both 
as a packing tube, doing away with glands 
and the constant trouble incident to pack- 
ing them, and as a long bearing guiding the 
pistons, keeping them central in the cylin- 
ders, and thus avoiding the wear and tear 
upon the ordinary type of construction. 
Both ends of the high and low pressure cy- 
linders are provided with automatic relief 
valves of the pop safety valve type, which 
serve both as relief valves and as drip 


AMERICAN ELECTRICIAN. 


All parts of the engine are made to gauge 
and interchangeable, flat surfaces are scraped 
to surface plates, and surface and cylindri- 
cal grinding used where advantageous. The 
framing is heavy and massive, stiffened with 
internal ribbing, and the material so placed 
that the strains act in adirect manner. The 
frame below the guidesis carried right down 
to the foundation so that the strains are 
transmitted direct from the crosshead 
through the frame to the foundation, and 
not through the bolts holding the cylinder 
to the framing. 

The makers of this engine are now building 
a three-cylinder, triple-expansion engine, to 
be direct connected to a 500-Kw railway gen- 
erator at 120 revolutions. 

In Fig. 8 is shown an 
engine made by the Ball 
Engine Company, being 
a tandem-compound, con- 
densing, side-crank en- 
gine rated at 300 HP at 
180 revolutions. The 
diameter of the high 
pressure cylinder is 16 
ins. and of the low press. 
ure 28 ins., the stroke be- 
ing 22 ins. 

The governor is in the 
flywheel, which is 1o ft. 
in diameter and weighs 15,000 lbs., the 
total shipping weight of the engine being 
55,000 lbs. The crank shaft of the engine 
isan open hearth steel forging, 11 ins. in 
diameter in the engine bearing and outboard 
bearing, and 14 ins. diameter in the dynamo 
fit. The journal boxes are made up of bot- 
tom, top and quarter boxes, lined with re- 
movable babbitt metal shells, and with ad- 
justments for all directions, so that the shaft 
may always be kept in alignment. 

The cylinders are made of a special mix- 
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The adjustment of the boxes, on both ends 
of the rod, is by means of wedges operated 
by T-pointed set screws placed in the top of 
the rod, which move the wedges up and down 
for adjustment, and as the movement of the 
wedges is in the same direction, the length 
of the rod is not changed, nor is the position 
of the piston altered. These adjustments 
are made by hand and with a great degree 
of accuracy. 

Each engine has a ‘‘Nordberg’’ quick 
closing throttle valve. The engine is espe- 
cially designed for heavy duty work, aud 
has an extremely stout, heavy frame, and 
large bearings and wearing surfaces. 

The valve operating mechanism permits 


FIG. 12.—ALLIS. 


of each valve being driven direct, the high 
pressure valve and its connections being 
upon one side and the low pressure valve 
and its connections upon the other side. 
This arrangement makes readily accessible 
the moving parts and avoids complexity. 

Fig. 9 shows one of the five engines fur- 
nished by the C. & G. Cooper Company to 
the Nassau Electric Railway Company’s 
power station at Thirty-ninth Street and 
East River, South Brooklyn. The engine, 
which is rated at 7501. HP, is direct-con- 


valves. Where desired, the high pressure 
cylinder is steam jacketed, and a receiver of 
large capacity is provided between the high 
and low pressure cylinders, this receiver 
containing coils filled with steam at boiler 
pressure, thus serving to dry the steam be- 
fore it passes into the low pressure cylinder. 


FIG. 13.—FITCHBURG. 


ture of hard, close-grained charcoal iron, 
accurately bored to size, both cylinders and 
heads being made perfectly tight by ground 
joints. An asbestos covering surrounding 
the cylinder protects against heat radiation, 
and a handsome nickel plated jacket cover- 
ing this leaves a dead air space between. 


nected to a 500-KW Westinghouse railway 
generator. The type which it represents 
was especially designed for electric railway 
work, with semi-tangye bed plate, of extra 
heavy proportions, and with due considera- 
tion given in all the working parts to the 
severe duty of street railway service. 
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The high pressure cylinder is 22 ins. bore, 
the low pressure cylinder 40 ins. and the 
stroke 48 ins.; the engine runs at gor. p. m. 
or at 720 ft. piston speed. From the cut it 
will be seen that the steam and exhaust 
valves are actuated by independent eccen- 
trics, operating separate wrist plates. These 
wrist plates work on separate centers, mak- 
ing the whole valve gear easily accessible. 
The governor controls both sets of valves, 
and a special attachment is provided for the 
low pressure valve gear, so that the point of 
cut-off can be adjusted while in motion. 

The engine shaft is 16 ins. in diameter in 
the bearings and Igins. in the center. The 
flywheel is made in segments held together 
by heavy forged links, and is 18 ft. in 
diameter, weighing about 65,000 lbs. All 
the pipes and receivers for connecting the 
high and low pressure cylinders are in the 
basement between the foundations. The 
steam pipes also enter the high pressure 
cylinder at the bottom, so that the engine 
room is not obstructed by any piping. 

Fig. 10 shows a Willans central valve 
engine of the heavy duty type, manufactured 
by the M. C. Bullock Manufacturing Com- 
pany, which is especially designed for elec- 
tric street railway work, the ratio of the 
cylinders and the cut-off being arranged for 
an extremely large economical range of 
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withstanding any shock due to all condi- 
tions of load, without the introduction of 
couplings, and that short-circuiting does 
not affect the engine injuriously in any way, 


while the load can be thrown off or on as 


suddenly as is possible. An economy is 
claimed for this type of engine even exceed- 
ing the results of similar sized slow speed 
or Corliss engine units. The compactness 
of the combination is undeniably of great 
value where real estate or buildings are at 
all costly. The high speed of the engine en- 
ables smaller generators to be used, and it 
can be run continuously for months with- 
out shutting down, the system of lubrica- 
tion throughout being entirely automatic. 
The makers state that on the compound en- 
gine, condensing, a steam economy of less 
than 15 lbs. has been obtained, and on the 
triple expansion engines figures as low as 
12% lbs. of water per I. HP. per hour have 
been recorded under suitable conditions. 
Fig. 11 shows a type of engine made by 
the Buckeye Engine Company, the one illus- 
trated being from a plant of three tandem- 
compound engines in use by the City Rail- 
way Company, of Dayton, O. These engines 
have cylinders 17% ins. and 30% ins. diam- 
eter, of 33 ins. stroke, and run at 130r. p. m. 
The nominal horse power of the engines is 
450 each. They are direct connected to 
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flat and of hollow construction, having a flat 
cut-off valve within the main valve. 

These engines are governed by the well 
known Buckeye shaft governor, and the 
makers state that they will guarantee a reg- 
ulation within I per cent. if necessary. 

The clearance of the high pressure cylin- 
der is about 6 per cent. and that of the low 
pressure about 2 per cent. The simplicity 
of the valve gear is worthy of note, and the 
accessibility of the low pressure cylinder for 
examination of the piston without removing 
the high pressure, is an extremely desirable 
feature. 

Fig. 12 shows an engine built by the Ed- 
ward P. Allis Company. It is of that firm’s 
cross-compound, direct-coupled type, which 
has been very generally adopted for street 
railway work. The Allis Company has fur- 
nished many engines of this description, 
ranging in power from 300 to 3000 HP, which 
are operating on the principal electric roads . 
in the country. 

Fig.13 shows an engine built by the Fitch- 
burg Steam Engine Company, and now in 
use running the electric railway system of 
Brattleboro, Vt. The engine, which is of the 
cross-compound, condensing type, is of 200 
HP. The eylinders are 13 ins. and 24 ins. X 
20 ins. stroke and 200 r. p. m. The engine has 
the Fitchburg special cam valve motion with 


load. The automatic cut-off is of the relay 
type, and consequently the governor is 
small, quick-acting, and has practically no 
wear, while the power to move the cut-off 
valves is practically unlimited. The mak- 


ers claim that the engine is quite capable of . 


FIG. I14.— FRASER & CHALMERS. 


Siemens & Halske dynamos. The valve 
movement is of the well known Buckeye 
type, the valves in the high pressure cylin- 
der being round, the independent cut-off 
valve working within the main valve, while 
the valves of the low pressure cylinder are 


four valves in each cylinder, by means of 
which a very close clearance and a constant 
exhaust release and closure are secured with a 
high resultant economy. The cam valve mo- 
tion permits any number of revolutions from 
6o to 200, and assures such good regulation ọf 
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speed, that incandescent lamps and electric 
railway generators are run from the same 
engine without the slightest flicker in the 
lamps, this being also true at North Adams 
and Gardner, Mass., where the same type of 
engine is used. 

The steam valves are double-ported, giv- 
ing sharp admission and sharp cut-off of 
steam, and the whole engine is simple in its 
construction. The steam valve opens and 
closes very quickly and then remains sta- 
tionary while the valve at the other end is 
being opened and closed. The same makers 
build tandem-compound engines in sizes 
from 1200 HP down. 

A type of non-condensing compound Cor- 
liss engine, made by Fraser & Chalmers, is 
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horse powers are 2000 and 1000 respectively, 
though the former have on occasions devel- 
oped 3000 HP. The piston speed of goo ft. 
per minute is somewhat unusual for Corliss 
engines. The plant is worked non-condens- 
ing on account of the great cost of water that 
would otherwise be entailed. 

In Fig. 15 is shown one of two Corliss 
engines built by the Philadelphia Engineer- 
ing Works, for the Hudson Light & Power 
Company, of Hoboken, N. J. The same 
company also recently built three vertical 
tandem-compound Corliss engines for the 
Cape Town & South African Electric Rail- 
way, possessing many of the features of the 
engine illustrated. 

The Hoboken engines are rated at 500 HP, 
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FIG, 1§.—PHILADELPHIA ENGINEERING WORKS. 


shown in Fig. 14, which illustrates the new 
power plant of the West Chicago Railway 
Company. Three of the engines have cyl- 
inders 34 ins. and 54 ins. in diameter with a 
stroke of 601ins., and the fourth cylinders of 
40 ins. and 48 ins. in diameter with 48 ins. 
stroke. The large engines make 75 r. p. m. 
and the smaller one 80 r. p. m.; the rated 


but will develop 800 HP using steam at 125 
lbs. boiler pressure while controlling with 
the governor by liberating the steam gear of 
the high pressure cylinder. The cylinders 
are 20 ins. and 36 ins. with 36 ins. stroke, the 
the revolutions being 103 p. m. 

The shaft journals are 12 ins. in diameter 
and 24 ins. long. The flywheels are 17% 


„above formula.” 
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ft. diameter and 54 ins. face, weighing 47,000 
lbs. each and running at a peripheral speed 
of 5660 ft. per minute. ` The engines are con- 
trolled by a counter-weighted governor of 
the ‘‘ Porter °’ type. The steam when ex- 
hausted from the high pressure cylinder, is 
reheated by being passed through a nest of 
tubes surrounded by boiler steam. 
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The National Electric Light Association. 


Under the able and energetic executive of 
President Nicholls, the National Electric 
Light Association is accomplishing work of 
the highest value, not only to its members, 
but to the electrical industry at large. 


. Some time ago an interim report was issued 


showing that the officers and executive 
committee were energetically working along 
several lines of usefulness, from which valu- 
able results were already being returned, and 
a second interim report more recently sub- 


‘ mitted by President Nicholls gives evidence 


that there is no slackening of effort. The 
report states that a number of new members 
' have recently been added to the Association, 


! and that the compilation of municipal light- 


ing statistics has progressed very satisfac- 
torily, a sypplementary report on which 
having been incorporated with the previous 
preliminary one, the resulting bulletin being 
most complete. A committee has been 
appointed to confer with a similar com- 
mittee of the American Street Railway As- 
sociation with a view to the consolidation of 
the two bodies. The report also states that 
a practical engineer of high standing has 
been engaged by the Association to person- 
ally visit a number of central stations in the 
East and West and gather data concerning 
cost of operation, etc., and his report is ex- 
pected by President Nicholls to form the 
most valuable publication yet issued by the 


Association. 
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The Weston Voltmeter Used as an instrument 
for Measuring High Resistances. 


To the Editor of the American Electrician: 


Sır:—My attention has been called to an 
error, due to oversight, in my article on 
*‘ The Weston Voltmeter Used as an Instru- 
ment for Measuring High Resistances’’ 
which I would like to correct, by substitut- 
ing for the sentence beginning on line 10 
page 157 the following: ‘‘ For measuring the 
insulation resistance of a dynamo or motor, 
first connect the voltmeter terminals to the 
supply terminals, thus giving V; now con- 
nect one terminal of supply to one terminal 
of machine whose insulation resistance is to 
be measured and the voltmeter terminals be- 
tween the other terminal of supply and frame 
of machine under test.” 

Also on same page substitute for sentences 
beginning on lines 19 and 22, the following: 

‘“ For measuring the insulation resistance 
of any line from the ground, measure poten- 
tial, V, of constant source of supply and con- 
nect one terminal of supply to one terminal 
of line. The voltmeter being connected be- 
tween the other supply terminal and a con- 
nection made tothe ground (gas or water 
pipe); this reading gives us V in the 
A. F. McKISSICK. 
AUBURN, ALA. 
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INCANDESCENT AND -ARC LAMPS FOR 
ELECTRIC RAILWAY CIRCUITS. 


Owing to the requirements of insurance 
rules, electric railway companies are limited 
in the use of current from their lines for 
electric lighting purposes. In the case of 
incandescent lighting, this limitation con- 
fines the use of incandescent lamps to light- 
ing cars, power houses and car barns. With 
respect to arc lighting, however, insurance 
prohibition extends only to arc lamps for 
interior lighting, thus leaving open to electric 
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be bnrned in series from a trolley circuit, it 
is thereby rendered possible in some in- 


stances to cover all, or a considerable part, 


of the more densely populated districts of 
towns and smaller cities. 

Aside from questions of franchises, how- 
ever, are those relating tothe influence of 
a considerable lamp load during the winter 
months, when the lighting load line will be 
superimposed in the evening on the peak of 
the motor load line. Any increased outlay 
for additional station and line capacity will 
also bring up questions whose solution one 
way or the other will depend upon local 
conditions. 

For interurban roads operating a line 
which passes through a number of villages, 
the railway arc lamp opens up a field of 
profit, for there is hardly one of these vil- 
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not, the question whether an anchor is re- 
quired being, apparently, one of opinion, or 
dependent upon the form of filament or con- 
ditions of service. Some makers supply 
both anchored and unanchored filament 
railway lamps and advise the employment 
of the former where the vibration is severe. 

Owing to the severe service to which incan- 
descent railway lampsare subjected, not only 
on account of jarring, but through constant 
variation of voltage, the filament naturally 
has to be more tough than if used on a con- 
stant-potential lighting circuit. This re- 
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FIG. I.—TYPES OF ELECTRIC RAILWAY INCANDESCENT LAMPS. 


railway companies a wide field for street 
lighting. 

Along the line of electric railways arc 
lighting comes so palpably within the sphere 
of electric traction companies, that since the 
introduction on the market of arc lamps 
fitted for that service, it is, in some cases, 
merely a question of franchises that inter- 
venes. In addition, since ten arc lamps may 


lages that could not use one or more series 
of such lamps for street illumination. 

Above (Fig. 1) are illustrated the princi- 
paltypes now onthe market of incandescent 
lamps for use in electric railway service, which 
differ little—in some cases none at all—in 
shape of filament from the lamps used on 
ordinary lighting circuits. Some of the 
lamps have anchored filaments and some 


quirement is met by using a thicker filament 
and burning it at a lower incandescence. 
This, of course, results in a lower efficiency, 
—usually four watts per candle power—but 
in electric railway service the difference is 
negligible. With sucha filament, a good 
lamp on a trolley circuit will have a life 
little if any shorter than that of lamps on 
an ordinary incandescent circuit. 
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Of arc lamps for trolley circuits, there 
are two distinct types—the open and en- 
closed arc, the former operating 9 or Io in 
series, and the latter connected 5 in series. 
Neither of these differs materially from the 
same types of lamps for incandescent light- 
ing circuits, except by the employment in 
some of a compensating cut-out; that is, an 
automatic cut-out which throws in or out of 
circuit a resistance equivalent to the appar- 
ent resistance of the lamp—the resistance 
being thrown in when the lamp circuit is 
broken or has an abnormal resistance. Rail- 
way, like other constant potential lamps, 
differ from series arc lamps in having a fixed 
resistance in circuit to steady the current. 

The ‘‘Helios’’ open-arc lamp of the 
Helios Electric Company, illustrated in Figs. 
2 and 3, is adjusted for 8 or 10 amperes, 


FIGS. 2 AND 3.—HELIOS. 


and used nine in series on 450-volt trolley 
circuits, and ten in series on 500-volt cir- 
cuits. With each set of lamps the makers 
supply a resistance in order that the lamp 
voltage may be exactly adjusted. The 
lamps are provided with an automatic cut- 
off, which cuts in or out any arc when the 
variation in voltage is sufficient to cause 
such action. There is also an external 
switch to each lamp to be used in trimming 
while the lamps are in service. The manu- 
facturers claim that the positive strike of 
the arc, the method of feeding, the auto- 
matic devices, combined with the switch, 
make the lamp a most desirable one for use 
on trolley circuits. | 

The open arc lamp of the General Incan- 
descent Arc Light Company is illustrated in 
Fig. 4, and the enclosed arc lamp in Fig. 
5. The experience of this company has 
been that the use of a compensating cut-out 
is not attended with any satisfaction and 
merely complicates the mechanism of the 
arc lamp. With a lamp such as it makes 
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now, which cannot very well stick or go 
out unless the carbon is consumed, it is 
claimed that the need for a cut-out disap- 
pears, and consequently its regular type of 
constant potential lamp is used for trolley 
circuits, 

The open arc lamps of this company burn 
with an arc of 40 to 45 volts and are con- 
nected nine or ten in series on circuits from 
450 to 550 volts. The mechanism is of the 
shunt coil type, with rack feed. It issimple 
and reliable, no springs being used to influ- 
ence the adjustment and no train of gear 
wheels, which after a certain time may fail 
to work. The trimming is accomplished by 
lowering the globe, which is supported by 
chains; the carbon holders are arranged to 
take any size carbon from , in. up to }4 in. 
diameter, clamping them always centrally. 


FIGS. 4 AND 5.—GENERAL INCANDESCENT. 


These lamps are manufactured in three 
lengths: ‘‘Short,’’ or 37 ins. for 8 hours of 
life; ‘‘ Standard,” or 45 ins. for 11 hours of 
life, and ‘‘ Long,” or 53 ins. for 14 hours of 
life (all night); the regular currents are 6, 8 
and 10 amperes. The makers advise the use 
of a soft cored upper carbon with a solid 
lower, to obtain steadiness and greatest econ- 
omy of light. 

The enclosed arc lamps made by the same 
company burn with an arc of about 8o volts, 
and are connected 5 in series on 500 or 550 
volt circuits. One set of carbons in these 
lamps will last 150 hours of burning, saving 
in both the cost of carbons and labor of 
trimming. The feeding mechanism is simple 
and reliable, no springs or gear wheels being 
used. The regulation is close and the ad- 
justment cannot change. Thetrimming can 
be accomplished with great ease, every 
single part being separately removable. 
The length of these lamps is 41 ins. and 
they take a current of from 5 to 6 amperes. 
The standard amperage is 5. The proper 
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size of carbons is % in. X 12 ins. solid up- 
per, and % in. X 51 ins. solid lower. In 
retrimming the remainder of the upper car- 
bon is used as a lower. 

The ‘‘ Ajax ” enclosed arc lamp, made by 
Pomeroy, Woltmann & Co., is shown in Figs. 
6 and 7. In this lamp a rack rod is used 
by the manufacturers in preference to a 
clutch feed. The globe holder, which is 
secured to a single side rod, is so made that 
the globe drops entirely clear in trimming, 
thus greatly expediting that operation. One 
of the principal features of the lamp is the 
manner in which the arc is enclosed. The 
arc-enclosing globe rests upon a ground joint 
base, thus ensuring an efficient joint at its 
seat. The upper cover consists of a triple 
valve arrangement, as shown in the illus- 
tration, the cover being in three parts of 
different diameters. The upper one, through 
which the carbon passes, rests upon an inter- 
mediate plate, which in turn seats on the- 
lower plate, the latter being supported by 


the globe. By this means the entrance of 
oxygen into the globe is materially retarded. 
thus assisting the steadiness of the light and 
prolonging the life of the carbons. 

The Mosher arc lamp, shown in Figs. 8 
and 9, and made by the Adams & Westlake 
Company, is largely used in street railway 
work. A rack feed rod is used, and the dif- 
ferential method of control adjusts the feed 
to the variations of voltage incident to trol- 
ley circuits. The mechanism is so arranged 


that the arc remains steady at all times, there 


being no jumping or pumping, though no 
dash-pot or other retarding device is used. 
The lamp is provided with an automatic cut- 
out and switch, the resistance for the former 
being secured in the chimney. 

The enclosed arc lamp of the Manhattan 
General Construction Company is illus- 
trated in Figs. 10, and 11. The ‘‘Man- 
hattan’’ lamp is a radical departure from 
prevailing types, having a mechanism con- 
centricto the central stem which eliminates 


. the old style of carbon rod and clutch me- 
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chanism and substitutes a thin carbon sheath 
or holder and an arm with a_ pan attached at 
its lower end carrying the clutch rings. 

The standard outside lamp is shown in 
Fig. 11 with clear inner and outer globes. 
The carbon sheath is shown in Fig. 10 being 
slightly larger than the carbon. The open- 
ing in the cap covering the inner globe is of 
such size as to allow the upper carbon to 
feed, but will check the sheath when the 
upper carbon has burned away and the arc 
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heated and rarefied, the surplus air escaping 
through the lower vent. The contained oxy- 
gen is soon reduced by combustion with the 
carbon points to carbon monoxide, and this, 
with the remaining nitrogen, surrounds the 
arc and protects the points from further 
combustion. 

It is found in general use on outdoor light- 
ing, that with the Manhattan lamp the best 
effects are obtained by using a clear outer 
and alabaster inner globe, which while giv- 


FIGS. 8 AND 9.—MOSHER. 


gradually lengthens, and finally breaks, cut- 
ting the lamp out. Fig. 11 shows the lamp 
equipped with two clear globes in order to 
plainly illustrate this feature, and the water- 
proof brass shell with the rheostat placed in 
the bottom of the globe, where it is thor- 
oughly protected and easy of access. 

The outer globe is air-tight at all points 
except at the bottom, where there is a hand- 
hole large enough to permit of cleaning and 
trimming the lamp. This hand-hole is 
yieldingly closed by a detachable dust-pan. 
The upper opening of the outer globe is se- 
cured to the frame of the lamp and there 
made air-tight by asbestos gaskets. 

The inside globe acts asa chamber of high 
rarefaction, while the outer globe is a stor- 
age for the products of combustion, or a dilut- 
ing chamber, thus preventing access of air 
containing oxygen to the carbon points. On 
the formation of an arc, the enclosed air is 


ing aperfect diffusion of light, do away 
with shadows beneath the lamp, and while 
relieving the strain on the eyes caused by the 
naked arc, cut off comparatively little light. 

This use of the double enclosing globes 
about the arc, gives a life of 150 hours to one 
pair of carbons, and is the means by which 
the arc is maintained at from 80 to 82 volts, 
in place of a burning life of twelve 
hours to one pair of carbons at 40 to 42 volts, 
as in the open air type of arc lamp. 

As the upper carbon is only consumed at 
the rate of one inch in twenty hours and the 
lower one inch in fifty hours, it will be seen 
that the lamp seldom feeds, so that aside 
from the feature of the special clutch pro- 
vided in this lamp, carbons are required to 
feed but seldom as compared with lamps 
which burn in the open air, and are conse- 
quently much more steady and regular in 
burning. | 
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The manufacturers claim that the ‘‘ Man- 
hattan ” lamp is especially adapted for use 
in street railway work, owing to the fact that 
five of these lamps can be operated with 
satisfaction on a circuit ranging from 450 to 
550 volts. There are many places on long 
suburban lines outside of the districts of city 
lighting where circuits of five lamps can be 
installed with advantage to illuminate sec- 
tions of road whereon there is a traffic after 
nightfall, which, without such illumination 
makes the running of the cars 
at maximum speed highly 
dangerous. By the use of one 
or more series of arc lamps, 
such sections of road can be 
illuminated, and thus enable 
the motorman to see any 
wagons or other obstructions 
upon thetracks ata sufficient 
distance to give necessary warn- 
ing or check the motion of the 
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car even when running at the highest rate 
of speed. 

Figs. 12 and 13 illustrate the Waterhouse 
arc lamp, made by the Perkins Electric 
Switch Manufacturing Company. These 
lamps are equipped with a variable resist- 
ance, so that, by merely moving a clip, re- 
sistance may be cut in or out to adjust the 
lamp to a given voltage. The frame con- 
taining the two terminals and the lower car- 
bon holder, is complete in itself, a detach- 
able brass cage (Fig. 12) containing ‘the 
magnets, clutch and cut-out. The lower 
carbon holder is contained in a porcelain in- 
sulator in the base of the lamp, thus avoid- 
ing insulating washers and securing proper 
alignment. There are no spring adjustments 
in the lamp. Each lamp has a resistance 
equivalent to the apparent resistance of the 
arc, and an automatic cut-out. 

The Electric Arc Lamp Company, whose 
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‘* Pioneer” lamp is shown in Fig. 14, is get- 
ting out a special line of lamps for railway 
circuits. The mechanism of this lamp is of 
great simplicity, consisting merely of a pair 
of solenoids actuating the clutch mechanism, 
no springs or other auxiliary mechanism of 
of any kind being employed. Among the 
features of the ‘‘ Pioneer” lamp for which 
special claims are made are that the lamps 
require trimming at intervals of only ten 
days or two weeks, while in some situations 
with short hours of burning a monthly trim- 
ming only is necessary; and that the lamp 
does not require cored carbons, the ordinary 
solid carbons being used. 

In Fig. 15is shown an arc lamp made by 
the General Electric Company for railway 
service. The railway lamps for this com- 
pany contain, it is claimed, no delicate mech- 
anism to get out of order, and after be- 
ing properly installed they require no 
further adjustment, the arc picking up 
quickly and burning with a steady white 
light. The carbon rod can be moved freely 
up and down when the current is not pass- 
ing and the alignment is insured by an im- 
proved form of carbon holder. The globes 


are readily lowered by a device which the ) 
company has recently applied to all its} 
lamps. The number of lamps to be placed \ 


in series depends upon the minimum po- 


FIGS, I2 AND 13.—WATERHOUSE. 


tential of the line for any considerable time 
at a point where the branch is taken off. 
With the carbons which the General Electric 
Company furnishes, which are of a special 
make and selected after long experiment, 
each lamp with its proportionate part of re- 
sistance takes 50 volts. Ten lamps, there- 
fore, can be run from a railway circuit with 
a minimum potential of 500 volts. 

An adjustable rheostat is placed in each 
series of lamps, and each lamp is provided 
with an automatic cut-out to prevent break- 
ing the 500-volt current should the carbons 
be burned or the arc extinguished from any 
cause. The cut-out in operating substitutes 
for the arc a resistance carried in the chim- 
ney, which assists in preventing any excess 
of current. 

A special feature of this lamp is its ability 
to operate satisfactorily in the face of wide 
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variation in the line potential. With ,, in. 
carbons cored for the upper, and solid for 
the lower, each lamp will burn about nine 
hours with nine amperes and 44 volts at the 
arc, for which current and pressure they are 
adjusted. We learn that within a short time 
the General Electric long burning arc lamp 
will also be adapted to the railway circuit. 


THE DISTRIBUTION AND TRANSMISSION 
OF ELECTRICAL ENERGY. 


The presidential inaugural address of Dr. 
Louis Duncan, read before the American In- 


stitute of Electrical Engineers last month, 
is a contribution of the highest value to the 
subjects of electrical transmission and dis- 
tribution of energy, in this respect forming 
an admirable complement to his inaugural 
address of last year on electric traction. 
After reviewing the considerations gov- 
erning the generation of electrical energy, 
Dr. Duncan concludes that for lighting 
stations, triple expansion engines may be 
used, while for traction work, where the va- 
riation in the load is sudden and may occur 
after the steam is cut off from the high 
pressure cylinder, it is not well in general to 
go beyond compound engines, and there is 
even a question as to whether simple en- 
gines are not more economical when con- 
densing water cannot be obtained. In any 
case, however, he believes that it is of the 
utmost importance as regards economy of 


FIG. 14.—PIONEER. 
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operation that the load should be made as 
constant as possible. 

As to the use of storage batteries, Dr. 
Duncan considers that it would be unques- 
tionably more economical in many in- 
stances of continuous current, low voltage 
distribution, to use single stations, to trans- 
mit power from these stations to centers of 
distribution, where batteries may be located, 
and to distribute from these centers on a three- 
wire system. A case in point is the system 
used at Buda-Pesth, where the energy is dis- 
tributed from the central station to rotary 
transformers at sub-stations, these rotary 
transformers feeding batter- 
ies, current being distributed 
from these batteries on a 
three-wire system. The re- 
ports of the operation of 
this station show that it is 
both economical and success- 
ful, and it might well be 
copied by some of the 
companies in this country. 


FIG. 15.—GENERAL ELECTRIC. 


The gross receipts of some of the large 
illuminating companies bear such a 
large proportion to the company’s stock 
that a comparatively small saving in opera- 
tion would mean a considerable increase in 
the dividends, and Dr. Duncan states there 
is no doubt in his mind that by using one 
power station, with battery sub-stations for 
distribution, the operating expenses can 
be considerably decreased. 

As far as traction stations are concerned, 
their efficiency and output would be in- 
creased by the use of batteries, both because 
the machinery would be steadily loaded and 
because the most efficient type of apparatus 
could be used, as is the case in lighting sta- 
tions. If storage batteries are used, the two 
types of variable load belonging to lighting 
and power stations demand different types 
of battery, For lighting stations a consider- 
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able capacity is required, while the momen- 
tary variations of power stations do not re- 
quire any great capacity, but demand as 
great a maximum! output as battery manu- 
facturers can obtain. 

In water power plants the conditions of 
economy are different. The location of the 
plant is, of course, definitely fixed, and the 
advisability of obtaining a uniform load by 
means of batteries, depends upon the local 
conditions. If the water power is limited 
and is less than the demand, then it might 
be well to use batteries in order to increase 
the amount of salable power. Again, if the 
development is expensive, it might be 
cheaper to develop a smaller amount of 


power, pay for a smaller amount of machin- 


ery and increase the output by the addition 
of batteries. 

Dr. Duncan believes that while the prac- 
tice in large lighting and traction systems is 
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to multiply stations near centers of consump- 
tion, yet the economy of a single large sta- 
tion makes it important to consider whether 
it is not possible to concentrate the power 
at some point where the expeno.s will be a 
minimum and distribute by some of the 
methods which have in the last few yerrs 
proved successful and economical. Itis im- 
portant to make the station load steady, and 
this may be done for continuous current 
lighting and traction pau by means of 
storage batteries. 

In considering the ateston of electrical 
transmission systems, Dr. Duncan states, that 
with respect to the relative cost of copper in 
the line for a given amount of power trans- 
mitted and for a given maximum potential 
between the conductors, the relative 
amounts for the continuous current and the 
different alternating current systems, will be 
as follows: 


Continuous current. . ; 100 
Single-phased alternating . 200 
Two-phased s: Lu a gon 2o 
Three-phased 1 150 


The continuous current has tliusa niseked 
advantage over the alternating current sys- 
tems as far as the cost of copper is con- 
cerned. There are, however, certain prac- 
tical disadvantages belonging to this system. 


San Bernardimo..............000 Sin. phased 
Alt. 


2-phased Alt. 


3-phased Alt. 


AMERICAN ELECTRICIAN. 


The high voltages necessary for long dis- 
tance transmission make it impossible to dis- 
tribute the current at the receiving end 
without first reducing the voltage. With 
continuous current thiscan only be done by 
employing a rotary commutator of some 
kind. It has not been found possible to 
make either continuous current dynamos or 
motors of any great output, as there are 
practical difficulties in running dynamos of 
high potential where the current taken from 
them has a considerable value. 

It is necessary, no matter what the volt- 
age is, that both the dynamos and motors 
shall be directly subjected to it, and this 
with commutated machines will always be a 
source of danger. If we are to do any con- 
siderable amount of lighting from such a 
station, the energy for this purpose under- 
goes three transformations before it reaches 
the lamps, and the efficiency would not be 
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so high as in a corresponding alternating 
current system. It would hardly be possible 
to supply motors for ordinary work at the 
high voltages used for transmission, and the 
current for them would have to be trans- 
formed in the same manner as the current 
for the lamps. It must be recognized, how- 
ever, that this system has been successfully 
used and has given excellent results in a few 
cases of transmission. 

Dr. Duncan considers that in poly- phased 
work, two-phased machines with the separate 
circuits wound on different armatures have 
the advantage. It has been shown by Mr. 
Scott, and others, that it is possible to trans- 
form a two-phased into a three-phased cur- 
rent, to transmit it and to transform it back 
again to a two-phased current. This will 
allow us, if we wish, to use two-phased dy- 
namos for generating the current, to trans- 
mit with the advantage incidental to the use 
of three-phases, and at the reducing end to 
use two-phased circuits for transmission. 
This has some advantages as far as balancing 
the voltage on the circuits goes, and it has 
been proposed in the case of several plants 
whose installation is being considered. 

The conclusions of Dr. Duncan as to the 
value of alternating transmission as against 
continuous current transmission, are that 
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there isa gain inthe simplicity and safety 
in the transmission, and at the distribut- 
ing end the use of poly-phased currents en- 
ables us to supply both lamps and power with 
an economy and success comparable to that 
of the continuous current system. If it is 
necessary to use contiuuous currents for cer- 
tain types of distribution at the receiving 
end, they can be obtained by the use of ro- 
tary transformers, by which the alternating 
current is transformed into a continuous 
current. These machines have approxi- 
mately the efficiency of corresponding con- 
tinuous current dynamos, while the output 
for a given size is about fifty per cent greater. 

The paper contains the accompanying 
table, giving a partial list of the principal 
transmission plants that are now in operation. 

It will be seen that the longest transmis- 
sion is at Fresno, Cal., the distance being 
about 35 miles. The highest alternating 
voltage used is 13,000 volts at Zurich, Swit- 
zerland. The highest direct potential is 
15,000 volts at Brescia. 

All of these plants are working success- 
fully, and this fact will lead to still longer 
transmission and higher voltages. No limit 
of either distance or potential has yet been 
reached. If we consider the record of the 
present transmission plants, we can safely 
say that it would not be going outside of the 
safe limit of development to transmit at least 
50 miles at a potential of 20,000 volts, pro- 
vided the energy could be delivered at such 
a price as to be considerably lower than the 
cost of acorresponding amount of energy 
obtained from a steam plant. This, of course, 
isa matter of local condition entirely, and 
the commercial value of such a transmission 
will depend upon local conditions. 

The final conclusions of Dr. Duncan, sub- 
ject always, he states, to the influence of 
local conditions, are as follows: 

1. In both direct current lighting and 
traction systems, where the power is gener- 
ated in or near the area of distribution, it is 
best to use one station situated at the most 
economical point for producing power. 

2. In the case of the traction systems, 
when the economical area of direct distribu- 
tion is passed, boosters should be employed 
directly or in connection with batteries, to a 
distance of ten or twelve miles from a 
station; beyond this, rotary transformers, 
whether with or without batteries, should be 
used. : 

3. In the case of direct current lighting 
systems, the energy should be transmitted to 
storage batteries situated at centers of con- 
sumption, either directly or by means of a 
rotary transformer, and distributed from 
them 

4. Where batteries are used, it is best 
to place them at the end of feeder wires to 
obtain the advantage of a constant load on 
the wire. 

5. The best system for the long distance. 
transmission of energy, for general purposes, 
is the three-phased alternating system. 

6. Commercial transmissions are in suc- 
cessful operation for distances of 35 miles, 
and for voltages as high as 15,000 volts. 
Experience with these plantsshows that 
the transmission to 50 miles with a pressure 
of 20,000 volts is practicable; beyond these 
limits the transmission would be more or 
less experimental. 
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NOTES. 


Economy vs. Economy.—A writer in the 
American Machinist relates an instance of a 
steam engine in which lack of steam econ- 
omy was considered decidedly economical. 
While the engine of a planing mill was being 
overhauled in a machine shop, the superin- 
tendent, knowing that the engine had con- 
siderably more power than required, fitted a 
cut-off plate to the main valve to increase 
the rate of expansion. The cut-off was, 
however, only used a single day, the objec- 
tion being that it prevented the engine using 
enough steam. It seems that the shavings 
made in the mill were used under the boiler, 
and to keep the cut-off going it would have 
taken an extra team of horses to dispose of 
the fuel saved. . 


An Old Electrical Firm Embarrassed.— Almost 
everyone in the United States interested in 
electrical pursuits knows of the firm of The 
E. S. Greeley & Company, and all will 
doubtless regret the financial embarrass- 
ment which recently led to this old and 
highly regarded house passing into the hands 
of receivers. The business was established 
forty years ago by L. G. Tillotson, and has 
been conducted under its recent name for 
the past twelve years. During the entire 
period of its existence the house has enjoyed 
in an unusual degree the esteem and confi- 
dence of theelectrical public. It is reported 
that the company may be reorganized and 
placed under the management of Mr. T. J. 
Smith, for some years the efficient manager 
of the electrical department of the company. 


The University Scientific Magazine.—The 
University of Tennessee is represented 
among college scientific periodicals by The 
‘University Scientific Magazine, which is 
published by the Engineering Society of the 
-University. The current number contains 
an interesting article by Dr. Chas. A. Per- 
kins, Professor of Physics and Electrical 
Engineering, on ‘‘ Hertz’ Experiments on 
the Electromagnetic Theory of Light.” 
Other articles on electrical subjects are 
“Test of an Isoiated Electric Lighting 
Plant,” by S. A. Beyland and ‘' Experi- 
ments With a Differential Wattmeter,’’ by 
A. B. Reynders. The feature of the num- 
ber is an article containing specimens of 
freehand lettering contributed by almost a 
score of chief draughtsmen in different 
large manufacturing establishments of the 
United States. The specimens are particu- 
larly interesting from showing the wide dif- 
ference of taste that exists with respect to 
such lettering. 


A Standard Incandescent Lamp Socket and 
Base.—Ata recent meeting called by Presi- 
dent Frederick Nicholls of the National 
Electric Light Association, and attended by 
representatives of the lamp manufacturing 
companies and others interested in the 
subject, the matter of a standard incan- 
descent lamp base and socket was discussed. 
The opinion was unanimously in favor of 
such a standard, and a resolution was passed 
designating the Edison socket and base as 
the most desirable. The result of the meet- 
ing was the appointment of a committee 
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composed of Messrs. F. S. Terry, C. H. 
Rockwell, W. C. Bryant and Chas. I. Hills, 
to confer with the owners of the socket 
patents with a view to arranging for their 
general use. The outcome of the meeting 
promises well toward attaining a much de- 
sired end, and the electrical industry is 
under obligations to President Nicholls for 
finally removing the subject from the plane 
of discussion, where it had lingered for so 
many years, to that of action. 


Growth of Electric Power Applications.—The 
economy and efficiency of electric power is 
perhaps most forcibly demonstrated by the 
extent of the orders placed for power appar- 
atus, for it may be confidently asserted that 
greater engineering talent and closer exam- 
ination are brought to bear upon electric 
power apparatus than upon apparatus 
of any other order. The great growth 
in this department, as illustrated by some 
figures recently compiled by the General 
Electric Company, is therefore most signifi- 
cant of the results that have been achieved 
in this field, while the great promise for the 
future is indicated by the steadily increasing 
rate at which the out put is growing. The 
figures referred to are as follows: 


1892. 1893. 1894. 1895. 
- 13,719 18,762 42,379 46,727 

In 1896 the missionary work of the past 
four years began to come to rapid fruition. 
From Jan. 1 to July 31, the total horse-power 
of electric power apparatus sold by this 
single company amounted to over 48,000 HP. 
During the same period in 1895 the aggre- 
gate orders amounted to 25,737 HP. From 
Aug. I to Aug. 18 the total amount of power 
apparatus ordered during 1896 was increased 
to the respectable figure of 62,164 HP. The 
above does not include electric railway 
motors. 


H. P. 


The Metric System.—After a somewhat 
heated discussion, the Engineers’ Club of 
Philadelphia, by a large majority adopted a 
petition to Congress in favor of the compul- 
sory establishment of the metric system in 
this country. The opposition confined their 
arguments principally to the matter of 
the cost of the change to the metric system, 
that would be entailed in manufacturing es- 
tablishments from the necessity of purchas- 
ing new standards, changing tools, etc. 
Herbert Spencer has written a letter to the 
London 7imes opposing the metric system, 
his point of view being naturally that of the 
evolutionist. His arguments are, first, 
that though mankind has always had the 
decimal system at their finger ends and 
used it for counting, in the course of civili- 
zation they departed from it and gradually 
adopted, instead, systems admitting of easy 
aliquot divisions; second, that the metric 
systeni was not adopted in France on account 
of its convenience, but through stress of law; 
third, that inthe United States the stock ex- 
changes have substituted for decimal di- 
visions a system of easy aliquot parts; 
fourth, that though the early men of science 
and the modern men of practice are at one 
in recognizing the importance of great di- 
visibility, it is proposed to establish in the 
metric sysiem a form and measure charac- 
terised by relative indivisibility. The above 
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statement entirely evades the two great ad- 
vantages of the metric system, its conven- 
ience in calculations and the fact that it 
offers the only hope of securing a common — 
system of weights, measures and values for 
the entire world. 


Electric Lighting of Small Towns.— The AMER- 
ICAN ELECTRICIAN Calls attention editorially 
to that all-important matter of the use of the 
incandescent versus arc lamps for lighting 
villages and small towns. It is complained 
that usually the question is not gone into so 
thoroughly as it should be by those who have 
to decide upon the system to be employed. 
Our contemporary believes that arc lighting 
is often adopted because ‘‘a less glaring sys- 
tem of illumination might be considered to 
indicate a spirit too retiring on the part of 
the community employing it.” Such may 
or may not be the case in the States, but we 
think that if incandescent electric street 
lighting were sufficiently satisfactory in re- 
gard to economical and steady working, and 
could be thoroughly relied upon, such a con- 
sideration would not weigh to any large ex- 
tent with us in this country. The journal in 
question holds that in villages and residen- 
tial thoroughfares in small cities the arc 
lamp is not in keeping with the surround- ` 
ings, and also that it is ‘‘less efficient than 
incandescent lighting, both economically 
and optically.” In a few of our English 
provincial towns and villages this is recog- 
nized, and the less important thoroughfares 
in Brighton and other places are lighted by 
means of incandescents, and, we believe, are 
giving satisfaction. The expense and un- 
suitability of arc lamps for lighting the side 
streets of the City of London appealed to the 
minds of the City Commissioners, and the 
matter has been under consideration for a 
great while, experiments being carried out 
to decide which is the best method to adopt. 
“For towns and smaller cities,” adds our 
contemporary, ‘‘the ideal method of illu- 
mination is by the incandescent series system 
for residence streets and outlying districts, 
with arc lights for the main business streets, 
which latter lights may be employed only 
during business hours, circuits of incandes- 
cent lamps replacing them after the stores 
have been closed. As to the relative cost of 
arc and series incandescent lighting, let us 
assume that a 1200-CP arc costs $80 per year, 
and that the annual cost of a 24-cp incandes- 
cent lamp is $14 per year. The lower hem- 
ispherical intensity of a 1200-cp arc will not 
average over 300 CP, which is equivalent to 
a cost of $6.40 for each 24-cP of light; but the 
average efficient illumination over the terri- 
tory served will be less than with the same 
candle-power in incandescent lamps, on ac- 
count of the better distribution of the light 
from the latter. This comparison takes into 
consideration the waste of light in the im- 
mediate vicinity of an arc through its too 
great intensity, but does not consider the 
blinding effect on the human eye when sub- 
jected to such great variations of illumina- 
tion as are incident to arc lighting when the 
lamps are widely spaced.” The costs given 
by our contemporary for arc lights could not 
apply to this country, where the usual 
charge per lamp per annum is between £20 
and £30.—London Electrical Review. 
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The Street Railway Convention. 
The St. Louis convention of the American 


Street Railway Association promises to be 
one of the most successful in the history of 
that body. The belief currently held that 
the coming presidential election will usher 
in a new era of business prosperity, has acted 
as an incentive, and led to the incurring of 
expense on the part of manufacturers and 
others, that otherwise might not have been 
thought justified by the present state of the 
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street railway industry. One matter to 
which it is hoped attention will be given 
at the St. Louis convention, is with respect 
to extending the usefulness of the Associa- 
tion in a technical sense, by providing for 
investigations relating to economy of opera- 
tion. A number of important questions re- 
lating to types of steam engines, superheat- 
ing, auxiliary storage battery power, the 
employment of alternating currents on in- 
terurban lines, etc., might well be made sub- 
jects of study for committees, the latter to 
possess authority to employ expert assist- 


ance in their labors. 
— eoo 


Electric Lighting Plants for Country Residences. 

A branch of electrical work which prom- 
ises a considerable expansion in the near 
future is the lighting of country residences. 
The public interested is beginning to get 
educated up to the point of believing that 
their former fears as to the complication, and 
expert knowledge required in the operation 
of isolated installations, are unfounded in 
view of the favorable experience of those 
who have made the trial. Two important 
articles on this subject, unavoidably crowded 
out of the present issue, will appear in our 
One of these deals with the 
general considerations applying to the selec- 


next number. 


tion and installation of electric lighting 
plants for country residences, together with 
practical information as to their operation; 
the other is a description and method of 
operation of a 1oo-light plant of this char- 
acter, which has been in successful operation 
for several years without expert attendance, 
at present being in charge of a sixteen-year 
old boy. 


—eoe 
Electric Lighting from Railway Circuits. 


To what extent commercial lighting from 
electric railway circuits may in the future 
be done is problematical. Owing to insur- 
ance regulations, such lighting will have to 
be confined outdoors, and while this narrows 
the field to arc lighting except in special 
cases, the opportunity for profit, where such 
an opportunity exists at all, is left one 
Aside from the 
controlling question of franchise, the main 


worthy of consideration. 


consideration is the reserve of plant capacity 
required on account of the lamps being in 
winter lighted during the evening hours of 
maximum traffic. On suburban and inter- 
urban lines, there are, however, cases when 
outlying districts and villages may be sup- 
plied at a good profit and without appreci- 
ably affecting the load curve, with the few 
lights necessary to meet their requirements. 
From the article in another column it will be 
seen that manufacturers are now in a posi- 
tion to supply arc lamps entirely adapted 
for use on electric railway circuits, so that 
if the demand arises, there will be no dif- 
ficulty met from this direction. 
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The Evolution of the Electric Railway lotor. 
The article in another column by Mr. C. 
T. Child on the ‘‘ Evolution of the Electric 
Railway Motor,” will be found of much in- 
terest, both to those who took part in the 
developinent which he describes, and to the 
many others who have entered the field after 
the motor had reached the more uninterest- - 
The differ- 
ence between the Edison-Field electric car 


ing stage of relative perfection. 


equipment of 1883 and the equipment of to- 
day is perhaps as great as between the steam 
engine of the last century and that of a few 
years ago, if the adaptation to working con- 
Indeed, it is doubtful 
if the continuous-current electric car equip- 
ment of to-day is capable of much further 
improvement, for in adaptation to the con- 


ditions is considered. 


ditions of its work and in efficiency it seems 
to meet every requirement. It is quite prob- 
able, however, that in a few years a new 
chapter may be addeď to the story of evolu- 
tion—one relating tothe rise of the poly- 
Indeed, did not the per- 
fection of the continuous current motor 


phased car motor. 


render it such a formidable rival, the first 
pages of that chapter might already have 
been witten. 

Oe hg 
Commercial Standardization. 

A successful outcome of the movement 
now on foot under the lead of President 
Nicholls, of the National Electric Light As- 
sociation, having in view the adoption asa 
commercial standard of a single type of 
socket and lamp base, will be most hearily | 
wished by every one interested in that mat- 
ter, and particularly by lamp manufacturers 
The matter of a stand- 
ard base and socket for incandescent lamps 


and supply dealer . 


has long been before the electrical public, 
but until President Nicholls took hold, the 
subject, had remained in the plane of dis- 
cussion or, at most, merely led to the ap- 
pointment of committees which either never 
reported or whose reports were followed by 
no action. It is true that up to within a few 
years the rivalry of ‘“‘ systems” would have 
led to strong opposition to the adoption of 
a standard, but at almost any time during 
the past two years the matter has been ripe 
for the executive action only now taken. 


The sense of those present at the recent 
meeting which considered the subject, was 
that the Edison type of base and socket is 
best adapted for a standard, and in this 
opinion, we believe electricians will general- 
ly coincide. Even those who think different 
ly will realize that any advantage they may 
consider is possessed by anothertype, cannot 
be sufficient to justify opposition which might 
unfavorably affect the present movement, 
for the great object in view is standardiza- 
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tion, to which other considerations should 
be subordinated if not of vital importance. 
One point might be considered before final 
action, and that is with relation to the safety 
of the type adopted for use on alternating 
current circuits. Several casesare on record 
where death was caused from shock received 
from a lamp ona grounded alternating cir- 
cuit. The danger from this source could be 
minimized by specifying that, if the Edison 
type of socket and base is adopted, no part 
of the base shall extend outside the socket. 


Another movement in the direction of 
commercial standardization which is in a fair 
way toward a satisfactory conclusion, is the 
promulgation of a standard practical method 
of photometric measurement of incandescent 
lamps. A programme which, it is believed, 
will be satisfactory from both the scientific 


and commercial standpoints has been pre- 


pared, final action being deferred until after 
its provisions have been examined and criti- 
cised by those whom they most affect or 
The main points thus far decided 
upon are a sub-primary standard of light, a 
standard screen, and a method for obtain- 


interest. 


ing comparative photometric measurements 

with filaments of different shape. 
—____+¢____- 

Steam Engines for Electrical Generation. 

The manner in which advancement in one 
art powerfully influences allied ones is well 
illustrated in the case of the steam engine. 
With the commencement of electric lighting 
there was but one type of engine suitable for 
operating fast-running machines such as the 
dynamo, and for electrical generation this 
but crudely answered the requirement of 
close regulation. In avery short time, how- 
ever, several machines with improved feat- 
ures were on the market, and for several 
years following Europe had to look to the 
United States for its supply of automatic 
electric light engines. At the present day 
there are a dozen or more automatic fast- 
running engines on the market in this 
country, any one of which a dozen years 
ago would have been regarded as a prodigy. 


The case was similar with respect to en- 
The re- 
quirements here were even more exacting 
than in the case of electric lighting. The 
rapid fluctuations of load and occasional 


gines for electric railway service. 


grounds led to strains of which the thought 
might well appall the manufacturer called 
upon to put his engine totest. In rolling mill 
work, it is true, the conditions were some- 
what similar, but here the crudest type of 
engine was sufficient, while the electric rail- 
way engineer aspired to but little less than 
Corliss economy and regulation. How well 


the situation thus presented has been met 
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by our engine builders, may be determined 
by a reading of the article in another column 
on ‘Steam Engines for Electric Railway 
Service,” in which are illustrated and de- 
scribed the principal types made in this 
country. It has been only within the last 
several years that the greatest improvements 
have been made—that direct connecting has 
become the rule, and compound and even 
triple expansion have ceased to be looked 
upon as heresies in electric railway work. 
Yet in no respect do the types give indica- 
tion in design or operation of the rapid pro- 
cess by which they have arrived at their 
present state. | 


There are yet, however, a number of ques- 
tions concerning engine design and econ- 
omy which are left in an uncertain state. 
Notwithstanding the success that has at- 
tended the use of compound engines work- 
ing under conditions of widely varying 
loads, many continue to insist that under 
such conditions the compound engine is 
wasteful, and still more strongly believe 
in the disqualification of the triple ex- 
pansion engine for such service. In the 
light of the investigations of Durand, Car- 
penter, Kennedy and others, showing this 
view to be incorrect, at least within the 
usual limits of practice in electrical genera- 
tion, such a belief can be regarded little 
otherwise than as a prejudice—perhaps de- 
scended from the days when the battle be- 
tween simple and multiple 
raged so furiously. The adoption in many 
cases of a reheater between cylinders in 
which different stages of expansion are car- 


expansion 


ried on, is a promising advance, for its 
logical outcome is superheating of the steam 
in the first instance. It is from this direc- 
tion that the greatest improvement in 
steam working is to come, and the reheater 
of the engine builder is leading the way. 
Bee EE 

What is Eiectricity? 

Dr. John Trowbridge, in a recently pub- 
lished book with the above title, examines, 
in some three hundred pages, all of the con- 
siderations upon which a reply to the title 
question should be based, and concludes with 
the following paragraph—the sole result of 
his labors: ‘‘What shall we, therefore, an- 
swer to the question, ‘‘ What is Electricity? 
Must we reply, /enoramus tgnorabimus— 
(We are ignorant, and shall remain ignor- 
ant)? We have already strong grounds for 


believing that we live in a medium which. 


conveys to-and-fro or periodic movements 
to us from the sun, and that these move- 
ments are electromagnetic, and that all the 
transformations of light and heat, and in- 
deed the phenomena of life, are due to the 
electrical energy which cames to us across 
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the vacuum which exists between us and 
the sun—a vacuum which is pervaded by 
the ether, and which is a fit medium for the 
transmission of the electromagnetic waves.” 


While this answer is very far from satisfac- 
tory, it is yet vastly more definite than 
could be given in reply to the question, 
“What is gravitation?” Maxwell, after 
an examination of all the theories which 
have been brought forward to explain gravi- 
tation, concluded that none of them is 
valid. On the other hand, at least, the wave 
theory of the transmission of electricity, and 
the relation of electricity to light and heat, 
are established. It is to be regretted that 
Dr. Trowbridge introduced the phrase, ‘‘ the 
phenomena of life,’’ without exact qualifica- 
tion as to what it may mean. We are aware 
of no grounds upon which such a startling 
assertion can be based, and fear that it will 
be seized upon by quacks and charlatans to 
bolster up their claims, and, moreover, will 
tend to still further deepen the air of mys- 
tery with which electricity is surrounded, 
and which it should have been one of the 
objects of the book to dispel. 


In glaring contrast to the caution of Dr. 
Trowbridge is the following answer to the 
same question, which we clip from an ex- 
change. The writer is apparently of those 
who look upon the conservatism of the sci- 
entific man, as an evidence of intellectual 
timidity, and who are admirers of people 
who “ speak out’’ and are not afraid to place 
themselves ‘‘on record.” “Electricity,” he 
says, “is a resultant of magnetism: it 
is caused by magnetism seeking an equilib- 
rium, or rather by seeking to restore an equi- 
librium. A fac-simile may be produced or 
imagined by a ship passing through the water, 
or a bird passing through the air, In each in- 
stance the equilibrium is disturbed; and if it 
were not for the power which is known as 
gravity (which is an identical parallel to 
magnetism) a hole would be left where the 
ship or the bird passed through; but the ef- 
fort which gravity has been making to fill up 
that hole has produced something else. In the 
case of the bird it has produced wind; in the 
case of the ship it is tide; and in both instances 
it is power which has been produced. And so 
it is with magnetism. If it is withdrawn or 
absorbed or concentrated, there is a vacuous 
situation formed which has to be filled up; 
the accomplishing of which requires power 
and the production of that power is what we 
know as electromagnetism ( elected to fill a 
vacancy ); and in filling that vacancy fric- 
tion has been incurred, and friction produces 
electricity or heat, either of which is power 
which can be concentrated by mechanical 
appliances, ” 
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THE CONSTRUCTION OF A BUNSEN PHO- 
TOMETER FOR STUDENT USE, 


BY PROF. A. F. MCKISSICK. 


The writer having need of a reliable and 
inexpensive photometer for student use, de- 
vised and constructed the following appar- 
atus, which has proved very efficient. 

The bar was made of a piece of pine board 
surfaced up, 17 ft. long, 6 ins. wide and 2 
ins. thick, with two stripseach 2 ins. X 1 in., 
nailed on its upper surface, thus forming a 
groove 2 ins. wide and 1 in. deep, the whole 
length of the board, as shown in Figs. 1 and 2. 

One of these strips was graduated near its 
outer edge in centimetres for a length of 500 
centimetres, thus leaving a space of about 
four inches at each end. These graduations 
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reflected. up the zinc cylinders. The screen 
consists of a piece of stiff cardboard painted 
black, with a circular hole cut in its centre. 
Over this hole is pasted a piece of white 
paper with a spot on it rendered translucent 
by a drop of oil or by paraffine. The inside 
of the box was painted black, a mixture of 
shellac and lamp black being used. 

Before making an experiment each lamp is 
covered with a small box whose interior has 
been painted black, and having a hole cut in 
one side for the passage of the light to the 
6¢ grease spo n 

A pointer, Å, of thin brass is attached to the 
photometer box in line with the ‘‘ grease 
spot’’ for taking readings on the graduated 
bar. 

In making a measurement, the photom- 
eter box or carriage being placed between 


FIG. I.—PHOTOMETER BAR. 


were inked and numbered and the bar then 
supported firmly in a horizontal position. 

At a and 4, the beginning and ending of the 
graduation, lamp sockets were fastened to the 
board. One of these sockets was arranged 
so as to be rotated, and a pointer attached 
to the socket enabled different readings to 
be made for different angles as indicated by 
the pointer on a paper circular scale attached 
to the board. The other socket could also 
be rotated, but did not have the pointer and 
scale. 

For a standard source of light an incandes- 
cent lamp whose candle power has been ac- 
curately determined is used. The General 
Electric Company furnished some lamps, 
calibrated accurately, giving the candle 
power of the lamp in a certain position. 

The photometer box or carriage was made of 
white pine 5X 5 X 5 ins., asshown in Figs. 3 
and 4. On the bottom of the box was screwed 
a strip, 7, two inches wide and one inch deep. 
This strip fitted into the groove of the bar, 


F1G, 2.—PHOTOMETER BOX. 


and the box could thus be easily shifted to 
any position of the bar. A hole, z, about 3 
ins. in diameter was cut in two opposite 
sides of the box and another in the top, 
where the eye pieces were fitted. Theeye 
pieces consisted of two cylinders of zinc one 
inch diameter, soldered to a square piece of 
zinc, and also fastened rigidly together by a 
bridge, not shown in the sketch. This base 
piece was then tacked to the box. 

The screen, #, and the mirrors, Z and m, 
were so fastened that the light from each 
side of the ‘‘ grease spot ” on the screen was 


the two lights, each face of the screen is il- 
luminated only by light from the source 
toward which it is turned, while the trans- 
lucent portion of the paper receives light 
from both sources. In using the instrument, 
the carriage is shifted in position until both 
sides of the screen are seen to be equally il- 
luminated. The distances of the two lights 
from the screen are then ascertained by ob- 
serving the position of the pointer, arid the 
relative intensities of the two sources are 
computed by the law of inverse squares. 

By having the wires from the two sockets 
lead to two different sources whose poten- 
tials can be varied, the standard lamp can 
first be brought to candle power as marked 
and the candle power of the other lamp then 
measured for varying voltages and positions. 

—eo eT 


Electrical Engineering at the University of 
~- Wisconsin. 


During the past collegiate year at the 
University of Wisconsin there were 97 
students in the several classes of the elec- 
trical engineering course. Fourteen grad. 
uates in electrical engineering received the 
degree of Bachelor of Science, and one 
that of Electrical Engineer. From the Uni- 
versity catalogue we learn that the electrical 
laboratory is well supplied with exact scien- 
tific and commercial instruments, and 


arranged for both instruction and investiga- 


tion. The equipment is unusually complete 
in the lines of continuous current, and single 
and polyphase alternating current generation 
and distribution, and commercial electro- 
chemistry. The dynamos in the laboratory 
are arranged in a large special room, with a 
special engine of exceedingly close speed 
regulation. For use in testing dynamos, all 
necessary apparatus, including a Brackett 
cradle dynamometer is at hand. A photom- 
eter room is well arranged for the commer- 
cial comparisons of arc and incandescent 
lanps, or for scientific investigations. Prof. 
D. C. Jackson has charge of the course with 
Assistant Prof. S. B. Fortenbaugh, Mr. 
Burgess and Mr. Ford, as assistants. 
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FAULTS AND HOW TO FIND THEM. 


RHEOSTATS AND ARC REGULATORS. 


A fault is often ascribed to a dynamo 
when it really exists in some of the con- 
trolling or regulating devices. This section 
will discuss such faults. 

The ordinary rheostat is liable to contain 
a fault, and in the absence of other causes of 
a trouble such a defect should be sought for. 
The rheostat may be either short-circuited, 
open-circuited or grounded. A short-cir- 
cuited rheostat fails to regulate the voltage 
when the handle is turned over the con- 
tacts, and the voltage of the machine be- 
comes at times higher than it should be. If 
there is a considerable margin for regulation 
in the rheostat, the voltage in the case just 
cited may be high enough to burn out all 
the lamps in circuit, or perhaps to ‘‘ motor ” 
the machines running in multiple with it. 
This is a serious emergency und the faulty 
machine should be switched out at once. 

Adjustment of the difficulty may then be 
made at leisure. 

If a portion of the rheostat is short-cir- 
cuited, it will refuse to regulate through a 
portion only of its range. The short cir- 
cuit is generally pretty obvious when the 
rheostat is taken apart. In a coil rheostat, 
the adjacent coils may have been overheated 
and lost their spring, the coils thus drooping 
and making contact. An enamel rheostat 
cannot be repaired unless the difficulty is 
external. It should be sent to its manu- 
facturers, but it is only fair to state that 
enamel rheostats are little likely to get out of 
order. 

A short circuit in a motor-starting rheo- 
stat is evidenced by a sudden burst of speed 
as the rheostat is turned on. If the rheostat 
is completely short-circuited, the fuse will 
probably be blown upon throwing of the 
main switch, and the motor will make a 
spasmodic and powerful start, sparking furi- 
ously at the brushes as it does so, but quickly 
ceasing to turn as the fuse blows. 

Open circuit in a field rheostat is accom- 
panied by refusal to excite. In a motor- 
starting rheostat, the motor will refuse to 
start till afterthe arm has swung past the 
open-circuited position, when it will start 
with a powerful jerk. This in itself indi- 
cates that the open circuit lies between the 
button on which the motor started and that 
just adjacent. However, it is better to use 
a magneto in testing for the fault, provided 
that the position at which the motor started 
was not noted. Connect one terminal of 
the magneto to the binding post of the 
rheostat and after disconnecting the other 
wires, run the other terminal of the magneto 
over the contacts. As the terminal advances 
a contact will be found where the bell be- 
gins toring and between this contact and 
the one just passed is the open circuit. This 
applies to any type of multiple-contact rheo- 
stat. If there are several open circuits, they 
may be found and connected one by one by 
this method. 

The regulators of constant-current dyna- 
mos are often harborers of faults, and in 
case of poor regulation trouble may always 
be suspected there, although poor regulation 
is not positively conclusive evidence of a 
poor regulator. 
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One of the best known regulators is the 
Brush dial. This regulator consists of a 
magnet in series with the main circuit, 
which draws up a core and compresses piles 
of carbon wafers. The resistance of this 
pile of wafers varies as it is compressed, and 
this variable resistance is placed in multiple 
with the field, deflecting more or less cur- 
rent therefrom. A cut of the governor is 
shown in Fig. I. There are several carbon 
piles in series with one another, packed in 
little troughs and covered with the slate 


FIG, 


slab, AA. The terminals of this part of 
the circuit are the two small binding posts 
at the upper part of the case. The compres- 
sor magnet, M M, pulls up the lever, Z, and 
squeezes the carbon piles. In series with 
the main circuit is another magnet whose 
function is to open a pair of contacts when 
the current gets too strong, and al'ow them 
to close by spring tension if it becomes too 
weak. These contacts are in a circuit of re- 
sistance which is connected in multiple with 
the compressor magnets. This resistance is 
wound on two slate rods, W, and the spring, 
S, varies its amount. The tension of the 
contacts is varied by the nut, Æ, and the con- 
tacts themselves are shown at C. A dash 
pot, P, prevents sudden motions of the 
mechanism. 

The most frequent trouble with a Brush 
dial is the oxidation of the contacts, C. 
Brightening them with crocus cloth and re- 
adjusting the nut, M, will usually remedy 
auy difficulty that may arise. If the gover- 
nor should fail to respond when the current 
is abnormally great, see that the contact, C, 
is open, If this is the case, see if the mech- 
anism has not stuck somewhere and is thus 
irresponsive to the pull of the compressor 
magnet. If the lever still fails to rise, it is 
probable that the compressor magnet is 
wholly or partly short-circuited. 

If the current is too weak and the regula- 
lar fails to respond see that the regulator 
arm is down as far as it will go. If this 
is the case, take hold of the wires at the ter- 
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minals of the carbon piles and make sure 
that the lumps of carbon to which they are 
attached are loose and simply rest on the top 
of the piles of carbon. If these prove to be 
as just stated, the probability is that the dy- 
namo is overloaded. 

It is barely possible that the carbon piles 
have become short-circuited, or that the ter- 
minals of the machine fields are spanned by 
some resistance which deflects current 
therefrom and cuts down the magnetism. 
The current can often be brought up to its 
proper value by cleaning 
the commutator segments 
with sandpaper. The writer 
has seen machines reduced 
in output one hundred volts 
by a dirty commutator. 

If the regulating arm 
draws up tightly and refuses 
to relax when the current 
falls below the normal value, 
see that the contact, C, is 
closed and the contact points 
are clean. If the regulator 
still refuses to act, reduce 
the resistance, W, by the 
spring clip, S. Should the 
current fail to reduce to the 
normal value with the ma- 
chine on short circuit, 
tighten the screw, Z, thus 
squeezing the carbon piles 
nearer together. When the 
dial is working properly, the 
contact, C, is sparking all 
the time. 

The Thomson - Houston 
wall controller is simply a 
part (the small magnet) of 
the Brush regulator in its 
principle. It is shown in 
diagram in Fig. 2. The large magnet, 
instead of shunting the field, shifts the 
brushes in their angular position on the com- 
mutator, and the wall controller simply 
short circuits that magnet when the current 
becomes too strong. The resistance, Æ, 
simply reduces the sparking at Sand 7, The 
armature of the Thomson- Houston wall con- 
troller, being very much heavier than the 
armature of the contact magnet, opens and 
closes the short circuit on its operating mag- 
net less frequently. It picksupitsarmature 
and drops it about once per second, and the 


FIG. 2.—T.-H. ARC REGULATOR. 


brushes on the commutator oscillate back 
and forth in perfect step. 

The faults that are liable to occur in the 
Thomson-Houston controller are very similar 
to those that may occur with the Brush dial. 
Short circuiting of the operating magnet 
will produce a current that is too heavy, and 
in such an event the wall controller contact 
should be always open. Similarly, if the 
current is too light, the wall controller cir- 
cuit should be closed. If the controller cir- 
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cuit is closed and the current is still too 
light, see that the contact points are clean. 
If the light wire connecting .S with the large 
magnet be broken, the current will be too 
great and the controller will cease to have 
contact. 

Always look for the mechanical difficulty 
and be sure that the lever does not stick. 
In fact, all of the instructions given for the 
Brush dial may be applied to the Thomson- 
Houston controller, assuming that the Thom- 
son-Houston brush adjusting magnet and 
the Brush compressor magnet are the same 
as regards treatment for faults, and that the 
wall controller magnet and the little relay 
magnet have a similar likeness. Of course, 
in the Thomson-Houston controller, adjust- 
ment of the resistance and pressure of the 
carbon piles do not enter. 


AMERICAN TELEPHONE PRACTICE. 


HISTORY AND PRINCIPLES OF THE MAG- 
NETO TELEPHONE. 


BY KEMPSTER B. MILLER. 


The history of the telephone from its in- 
ception to its present state of perfection, is 
interesting in the extreme, and affords a 
striking example of the fact that great in- 
ventions are almost invariably the result of 
long and careful study on the part of many 
workers, rather than the sudden inspiration 
of a single genius. It is of even greater in- 
terest froma scientific standpoint, for in no 
way can one obtain a better idea of the fun- 
damental principles involved in telephony 
than by following their development, step 
by step, noting the contributions made by 
each of the many scientists and inventors 
whose names are closely connected with the 
art. 

These steps were made in logical order, 
the knowledge contributed by each investi- 
gator making possible a deeper insight into 
the subject on the part of his successors. It 
is best, therefore, to follow this order in ob- 
taining primary ideas of the subject. 

The history of the knowledge of electro- 
magnetism begins in 1819, and with this 
date very properly begins the history of the 
electric telephone. In this year Oersted, a 
professor in the University of Copenhagen, 
discovered that a magnetic needle tends to 
place itself at right angles to a wire carrying 
a current of electricity. He further devel- 
oped the laws regarding the deflections cor- 
responding to the directions of the current 
in the wire, and those corresponding to the 
positions of the wire with respect to the 
needle. 

In the following year Arego and Davy dis- 
covered that if a current be caused to flow 
through an insulated wire wrapped about a 
a rod of steel the latter would exhibit mag- - 
netic properties. It was William Sturgeon, 
however, who in 1825 made an electro-mag- 
net as we know it to-day, and called it by 
that name. To Sturgeon, therefore, belongs 
the credit of one of the greatest discoveries 
in the history of science. Joseph Henry also 
made his classic experiments on the electro- 
magnet, and to him must be accredited a 
large amount of our knowledge regarding it. 
Henry showed how to build a magnet capa- 
ble of being operated over a great length of 
wire, a most important step. 
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In 1831 Faraday and Henry, independ- 
ently discovered the converse of these laws 
of electromagnetism—that if the intensity 
of a magnetic field enclosed by a conductor 
be in any wise changed, a current of elec- 


FIG. I.—STURGEON—ELECTROMAGNET. 


tricity will flow in said conductor. This 
current will flow only while such change is 
taking place, and its strength will depend 
directly on the rate of the change. 

These two laws concerning the trans- 
formation of electric energy into magnetic, 
and its converse, the transformation of 
magnetic energy into electric, are cer- 
tainly the most important in the whole 
realm of electrical science, as singly or 
together they form the foundations not 
only of the telephone and telegraph, but of 
electric lighting, electric power transmis- 
sion, and of every other achievement by 
which electricity has revolutionized the 
methods of life throughout the whole civil- 
ized world. 

As these laws form the very root of all tel- 
ephone practice, a few illustrations directly 
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FIG. 2.—LINES OF FORCE OF BAR MAGNET. 


in line with the principles of the telephone 
will not be amiss, even though they are very 
generally understood; for they will give a 
clearer understanding of the develdpments 
made by subsequent inventors. If, as shown 
in Fig. 1, a coil of wire be wrapped around 
a rod, A, of iron or steel, and a battery, 2, 
placed in circuit with the coil, the rod be. 
comes a magnet upon the closure of this cir- 
cuit, and will attract an iron armature, 4, 
in the vicinity of either of its poles. Any 
variation in the strength of this current will 
cause corresponding variations in the attract- 
ive power of the magnet. If the rod be of 
steel, and permanently magnetized, it will 
exert an attractive force of its own on the 
armature, and the current will, according to 
its direction, increase or diminish this at- 
tractive force. 

About every magnet there exists a field of 
force; that is, a region in which any body 
capable of being magnetized (such as iron), 
has exerted on it, by the magnet, an influ- 
ence of attraction or repulsion. This field 
of force is usually graphically represented 
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by closed curves, radiating from the poles of 
the magnet, as shown in Fig. 2, and the 
strength of the magnet is commonly meas- 
ured in terms of the number of such lines 
radiating from one of its poles. If now a 
galvanometer, G, or other current-indicator 
(Fig. 3) be placed in circuit with a coil, 
C, and a magnet, VS, moved in the vicinity 
of the coil, or the coil in the vicinity of the 
magnet, in such manner as to change the 
number of lines of force passing through 
the coil, a current is generated in the coil 
and is indicated by the galvanometer. ‘This 
current will flow only while the magnet is 
being so moved. Its direction will depend 
on the direction of the lines of force thread- 
ing the coil and on whether their number is 
being increased or diminished. Its strength 


FIG. 3.—FARADAY AND HENRY—MAGNETO 
ELECTRICITY. 


will depend on the rate at which their num- 
ber is changing. 

If amass of iron be brought within the 
field of a magnet, the field becomes distorted 
by virtue of a larger number of lines finding 
their path through the space occupied by the 
iron than through the same space when 
filled with air. Therefore, if a closed coil 
be placed about a pole of the magnet and a 
body of iron be moved to and from the pole, 
the intensity of the field in which the coil 
lies will vary, and currents of electricity will 
flow in the coil. 

In 1837 Prof. Page, of Salem, Mass., dis- 
covered that a rod of iron, suddenly mag- 
netized or demagnetized would emit certain 
sounds due to a molecular rearrangement 
caused by the changing magnetic conditions. 
This phenomenon is known as ‘ Page’s 
effect.” 

Late in the Thirties, Prof. S. F. B. Morse 
placed at one end of a line Sturgeon’s elec- 
tro-magnet, M (Fig. 4), with a pivoted arma- 
ture, 4, and at the other end a battery, B, 
and a key, X, for making and breaking the 
circuit. By manually closing and opening 
the key the core of the magnet became 
magnetized and demagnetized, thus alter- 
nately attracting and releasing the armature. 
By this means signals were sent and recorded 
on a strip of paper, carried on a roller, X, 


FIG, 4. —MORSE—ELECTROMAGNETIC 
TELEGRAPH. 


in front of the armature, and thus for the 
first time intelligence was electrically con- 
veyed between distant points. 

In 1854 a Frenchman, Chas, Bourseul, pre- 
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dicted the transmission of speech, and out- 
lined a method correct save in one particu- 
lar, but for which error one following his 
directions could have produced a telephone 
of greater efficiency than that subsequently 
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FIG. 5.—REIS—MAKE-AND-BREAK 
TELEPHONE. 


devised by Bell. His words at this date 
seem almost prophetic: ‘‘Suppose a man 
speaks near a movable disk sufficiently flex- 
ible to lose none of the vibrations of the 
voice, and that this disk alternately makes 
and breaks the current from a battery; 
you may have at a distance another disk 
which will simultaneously execute the same 
vibrations.” 

Philip Reis, a German inventor, con- 
structed a telephone in 1861, following very 
closely the path outlined by Bourseul. He 
mounted a flexible diaphragm, D (Fig. 5), 
over an opening in a wooden box, and on 
the center of the diaphragm fastened a small 
piece of platinum, P. Near this he mounted 
a heavy brass spring, S, with which the 
platinum alternately made and broke contact 
when the diaphragm was caused to vibrate. 
These contact points formed the terminals of 
a circuit containing a battery, Z, and the re- 
ceiving instrument. His receiver assumed 
various forms, prominent among which was a 
knitting needle, M, wrapped with silk-insu- 
lated copper wire and mounted on a cigar 
box forasounding board. Its operation was 
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FIG. 6.—SOUND WAVES OF VOICE AND OF 
SIMPLE MUSICAL NOTE. 


as follows: The sound waves set up by the 
voice struck against the diaphragm of the 
transmitter, causing it to vibrate in unison 
herewith. This made and broke the circuit at 
the contact points, and allowed intermittent 
currents to flow through the receiver. These 
currents, which exactly synchronized with 
the sound waves, caused a series of sounds in 
the knitting needle by virtue of ‘‘ Page’s 
effect.” The sounding board vibrated in 
unison with the molecular vibrations of the 
needle, and the sound was thus greatly am- 
plified. 

Reis’s telephone could be depended upon 
to transmit only musical sounds, but it is 
probable that it did actually transmit articu- 
late speech. The cause of this partial failure 
will be understood from the following facts: 
A simple musical tone is caused by vibrations 
of very simple form, while sound waves pro- 
duced by the voice are very complex in 
their nature. These two forms of waves are 
shown graphically in Fig. 6. Sound pos- 
sesses three qualities: pitch, depending en- 
tirely on the frequency of the vibrations; 
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loudness, depending on the amplitude of the 
vibrations, and timbre or quality, depending 
on the form of the vibrations. The tones ofa 
flute and a violin may be the same as to pitch 
and loudness and yet be radically different. 
This difference is in timbre or quality. 
Reis’s transmitter was able only to make 
and break the circuit, and a movement of 
the diaphragm barely sufficient to break the 
circuit produced the same effect as a much 
greater movement. The current therefore 
flowed with full strength until the circuit 
was broken, when it stopped entirely. The 
intermediate strengths needed for reproduc- 
ing the delicate modulations of the voice 
were entirely wanting. Thisapparatus could 
therefore exactly reproduce the pitch ofa 
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FIG. 7.—BELL—MAGNETO TELEPHONE. 


sound, but not its timbre and relative loud- 
ness. 

For the next fifteen years no great advance 
was made in the art of telephony, although 
many inventors gave it their careful atten- 
tion. 

In 1876, Prof. Alexander Graham Bell and 
Prof. Elisha Gray almost simultaneously in- 
vented successful speaking telephones. Al- 
though Bell has reaped the profit, the U. S, 
Patent Office having awarded priority of in- 
vention to him, an equal share of the honor 
is due to Gray. 

Bell possessed a greater knowledge of 
acoustics than of electrical science, and it 
was probably this that led him to appreciate 
wherein others had failed. His instrument 
consisted of a permanent bar-magnet, Z (Fig. 
7), having on one end acoilof fine wire. In 
front of the pole carrying the coil a thin dia- 
phragm, D, of soft iron was so mounted as 
to allow its free vibration close to the pole. 
Two of these instruments are shown con- 
nected in a circuit in Fig. 7. 

Two points will be noticed which have 
heretofore been absent: That no battery is 
used in the circuit, and that the transmit- 
ting and receiving instruments are exactly 
alike. When the soft iron diaphragm of 
the transmitting instrument is spoken to it 
vibrates in exact accordance with the sound 
waves striking against it. The movement 
of the diaphragm causes changes in the 
magnetic field in which lies the coil, which 
changes, as shown above, cause an alternat- 
ing current to flow in the circuit. This 
current varies in unison with the movements 
of the diaphragm. The waves of this cur- 
rent are very complex, and represented 
graphically are similar to those of the voice 
shown in Fig. 6. Passing along the line 
wire, these electrical impulses, so feeble 
that only the most delicate instruments can 
detect them, alternately increase and de- 
crease the strength of the permanent mag- 
net of the receiving instrument, and thereby 
cause it to exert a varying pull on its soft- 
iron diaphragm, which, as a result, takes up 
the vibrations and reproduces the sound 
faithfully. 

Bell’s form of instrument, with a few 
minor changes, is the standard of to-day. It 
is now used asa receiver only, a more eff- 
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cient transmitter, depending upon entirely 
different principles, having been invented. 

In concluding this sketch, Lord Kelvin’s 
words seem appropriate: ‘‘ Who can but ad- 
mire the hardihood of invention which de- 
vised such very slight means to realize the 
mathematical conception that if electricity 
is to convey all the delicacies of quality 
which distinguish articulate speech, the 
strength of its current must vary continu- 
ously as nearly as may be in simple propor- 
tion to the velocity of a particle of air en- 
gaged in constituting the sound?” 


Repair of Electric Railway Apparatus. 


BY W. E. SHEPARD. 


THE WALKER MOTOR. 


The Walker motor has been before the 
public now about three years. It is the 
youngest in point of history of those which 
we have been considering, and yet contains 
many features of a decidedly superior design. 
The motor is of the four-pole, salient, cross- 
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FIG. I,--WALKER STREET RAILWAY MOTOR. 


connected design, somewhat similar to the 
Westinghouse and to the more recent design 
of General Electric, type 1000. 

The arrangement of the poles together 
with energising field-coils is clearly shown in 
Fig. 1. The wires leading to the field coils 
are shown above to the right. Current 
comes in on one, passes through the two 
coils in the upper half of the frame, thence 
down through the two coils in the lower 
half, and, returning above, passes out 
through the second wire, all four of the coils 
being connected in series with the armature 
in the usual way. 

As is seen in Fig. 5, the motor is com- 
pletely iron-clad. There is no possibility of 
water entering the interior unless the motor 
is run in water up to the height of the arma- 
ture bearings, nor is there any possibility of 
water or spray, which may be splashed from 


207 


the wheels, trickling in through the bearing 
caps or other crevices in the frame. These 
motors have been operated by the writer, 
forty-eight consecutive hours through fine 
driving snow followed by rain and slush, and 
on opening for the purpose of ascertaining 
whether there might be any dampness or 
leakage, the cases were found to be abso- 
lutely dry. In the opinion of the writer the 
water-proof features of this motor are all 
that can be desired. 

It will be noticed in Fig. 1, that the main 
bearings of the motor through which the car- 
axle passes, are connected across by a hollow 
casing on a sleeve. This prevents the collec- 
tion of sand and grit in the bearings, and in- 
creases their life by more than double the life 
where exposed. 

A peculiar feature of this motor, and one 
which is of the greatest possible value in the 
long run of continued maintenance expense, 
is the method of supporting the bulk of the 
weight of the motor on compression springs, 
rather than letting it rest as a dead weight 
upon the car-axle. The motor proper—the 


cylindrical or barrel-shaped portion—is con- 
structed in such a manner that it may turn 
or pivot, within limits, around the armature 
shaft asa center. The nose or front end of 
the motor is carried on a spring support, as 
is the usual custom, while the opposite side 
or back of the cylindrical part is also carried 
on springs, the combination forming a cush- 
ioned resistance against any downward blow 
from the motor itself, or any upward re- 
bound or motion from the car axle and 
wheels, the result being less pounding and 
vibration of the motor itself, and a very con- 
siderable relief in the force of the blow on 
the rail consequent upon poor alignment and 
imperfect jointing. 

Another very important and valuable 
feature is shown in Fig. 4. This will be 
seen to represent a cross section of the 
motor through the center of the bearings. A 
soft mineral grease is ordinarily used as lu- 
bricant for these bearings, which is fed into 
them by means of gravity only. Whatever 
of grease is used must pass through the 
bearings and find vent somewhere. Unless, 
now, some efficient means is provided to 
carry off this waste and dirty material, it 
will inevitably collect on the armature shaft, 
commutator and body of the armature, which, 
after a short time, will become so consider- 
able that it is thrown off in the interior of 
the motor on to the brush-holders, field- 
coils and sides of the motor, thus causing 
much damage as well as inconvenience. 

Fig. 4 shows clearly the method adopted 
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in this motor for providing against such 
trouble, which, in some types of motors is 
very serious. At the point where the shaft 
of the armature passes through the body of 


FIG. 2.—SUSPENSION 


the motor, the frame is extended outward, 
forming a large hollow pocket exterior to 
the motor. In the center of this pocket a 
large metallic disk is securely fastened to 
the shaft, and rotates with it. This de- 
vice is*seen at C, Fig. 4, and in Fig. 1. 
The waste grease and oil, working out 
through the bearing, comes against the 
face of this disk, which, on account of its 
rapid rotation with the armature, throws the 
greasy substances outward by centrifugal 
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particular motor, accomplishes all that may 
be desired. 

The bearings of the Walker motor are 
ample in their dimensions, of the usual cast- 
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iron shell, with babbitt 
lining pattern, fed by 
grease pockets above by 
gravity. 

The armature is shown 
in Fig. 3. In proportion 
and exterior finish it is 
quite similar to the 
Westinghouse, but in 
winding, placing of coils 
and connecting is nearer 
the General Electric. It 
is slot-wound, with 190 
independent coils, nine- 
ty-five sections in the 
commutator, and often, 
in completing, the body 
is covered with a heavy 


FIG. 3.—ARMATURE OF WALKER MOTOR. 


force against the walls of the pocket, to 
which it clings, and, being warm from the 
operation of the motor readily runs down 
through an opening at the under side and 
drops outside the motor to the ground. 
Where such oil- 

ring or grease-throw- a 

ing device is not 
used, as is the case in 
some motors, this ! 
same objectionable 
matter must inevita- 
bly reach the interi- 
or of the motor and 
be thrown off by the 
commutator at the 
one end and by the 
head of the arma- 
ture at the other, j 
tending to produce 

a rapid breaking 
down of insulation 

and injury tothe motor. Too much stress 
cannot be placed upon the necessity of such 
an arrangement, which, as applied to this 


water-proof insulating wrapping over which 
the bands are laid on. 

This method of construction of armature 
has at least one advantage and at least one 
disadvantage. In the General Electric ar- 
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these strips of bare iron core so that the 
“clearance” of the armature is also the 
“gap.” Where the iron core and windings 
are, after completion, covered by an insulat- 
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FIG. 4.—CASE AND BEARINGS OF WALKER MOTOR. 


ing wrapping, as in the Walker and West- 
inghouse armatures, in order to insure the 
same amount of clearance between the rotat- 
ing armature and the pole-faces of the fields, 
there must of necessity be a greater ‘“‘gap.” 
This magnetic ‘‘gap’’ must be increased by 
whatever the amount of thickness of this 


FIG. 5.—WALKER MOTOR MOUNTED. 


insulation multiplied by two. The result of 


|} this is, all other factors remaining the same, 


the necessary expenditure of an increased 
amount of energy in the fields coils in order 
to produce the same strength of field, or in 
other words, all other factors being the same, 
a more or less lower efficiency. 

On the other hand, bearings will wear out; 
they will sometimes melt out and, the great- 
est care and attention notwithstanding, will, 
from time to time, strike against the pro- 
jecting pole-faces. When this happens ın an 
arniature where iron-to-iron is the result, 
intense heating and burning, due to the 
friction of the rapidly rotating armature, fol- 


FIG. 6.—TYPES OF WALKER MOTORS—125, 75, 50, 35 AND 25 HP. 


mature the iron of the core projects out be- 
yond the windings and their insulation, and 
the bands are sunken below the surface of 


lows. Bits of the narrow teeth in the lami- 
nated core are forced over against the arma- 
ture coils, cutting into and, of course, 
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grinding and burning them. Or again, the 
bursting or loosening of a band will almost 
invariably produce the same results. 

In the case of an armature having an in- 
sulating shell or covering, when either of 
these accidents occurs, there yet remains 
between the iron of the field-pieces and the 
iron of the armature a considerable space, 
so that, in either case, the burst or worn off 
bands and insulation are simply ground up 
between the iron surfaces, resulting in most 
instances in little or no further damage than 
the destruction of these bands and the in- 
sulating shell, which, of course, is a far less 
expensive matter to replace than the wind- 
ings themselves. 


INTERIOR WIRING. 


SPECIAL COMBINATIONS. 


The distribution of current to large groups 
of lamps such as occur in electric signs or 
large chandeliers, often calls for some in- 
genious manipulation of circuits. Take, for 
instance, a long electric sign with the words 
ELECTRICAL EXPOSITION. On such a 
sign it would not be good practice to run a 
long pair of wires through each letter and 
branch the lights across them, for not only 
would the wires be too large to connect into 
the porcelain receptacles usually employed 
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Fig. 2. This gives all of the lamps one ter- 
minal, the other going to the controlling 
mechanism. In the figure which illustrates 
the Manhattan Beach sign wiring, the let- 


FIG. 3.—CHANDELIER WIRING. 


tered circles represent the relay mechanism 
which holds the circuit closed after the 
plates have been touched by the stylus, Z. 
X represents the gang switch that throws all 
the lamps off for a mew combination. 
Cluster lights or chandeliers are some- 
times troublesome to wire, as there is often 
but little room inside the fixture. A con- 
venient method that is most often used in 
simple clusters is to branch the wires as in 
Fig. 3. The main joints are enclosed in 
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FIG. I.—ELECTRIC SIGN. 


in such work, but there would bea noticeable 
difference in the brilliancy of the letters, the 
letters nearest the source of supply being 
brighter. Moreover, it is doubtful if any 
insurance inspector would permit any such 
work to exist on risks taken by his com- 
pany. 

Forthe above reasons it is common prac- 
tice to subdivide the circuit, and the most 
convenient and effective way to accomplish 
this in the particular case cited is shown in 
Fig. I. With this arrangement the letters will 
be all of equal brilliancy, and the circuits 
will be sufficiently subdivided to conform to 


FIG. 2.—MANHATTAN BEACH SIGN. 


insurance rules. Moreover, the circuit of 
any lettercan be readily opened to insert 
a controlling switch. 

With large bunches of lights such as are 
used on signs like the Manhattan Beach 
sign, it is convenient to wire as shown in 


that part of the fixture which forms the 
common junction of the various branches. 
Each branch carries a pair of wires running 
down to the lamp at its end. 

Circular chandeliers are common and are 
more or less troublesome to wire. A most 
convenient way is to make two complete 
circles of No. 14 wire as shown in Fig. 4. 
These rings of wire should be fed with a 
pair of feeders for every 16 lights if 
they are 16-CP, I10-volt lamps, or one pair 
for every 8 lamps if the system is a 55-volt 
one. This will insure that nowhere in the 
No. 14 wire will there be more than Io am- 
peres carried—the insurance rule limit. 
This enables the use of No. 14 wire what- 


FIG. 4.—CHANDELIER WIRING. 


ever the size of the chandelier, a conven- 
ience that the wireman will appreciate. The 
loss is so small with such short wires that it 
may be disregarded. Of course, the feeders 
must tap in at equal angular distances from 
one another, and it is better to feed in the 
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separate wires of each pair of feeders at op- 
posite ends of a diameter, asin Fig. 5. In 
this way much more uniform distribution is 
obtained. 

The wiring of cabinets is often quite a 
problem to do neatly. Combinations of 


DELIER CIRCUIT. 


switches and fuses are sometimes required, 
and more often fuses alone. The circuits 
may approach the cabinets from the side, the 
top or the bottom, and the position of the 
feeders is often equally variable. 

When the feeder approaches from the bot- 
tom and the circuits leave from the top, the 
problem is of the simplest. Such a case is 
shown in Fig. 6. The wires enter the base 
of the box and turn horizontally, forming a 
pair of omnibus bars, on which the branch 


FIG. 6.—CABINET WIRING. 


blocks are placed. In the case where some 
of the circuits go up and some down, the 
method shown in Fig. 7 may be profitably 
adopted. It will be noted that the feeder 
loops around the system of branch blocks. 
This is not because of drop considerations, 
but because the full current is not carried by 
the wires at any one branch block. Branch 
block contacts as a rule are very poor, and it 
is well to favor them as much as possible. 
Sometimes a case arises where all of the 
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FIG. 7.—CABINET WIRING. 


circuits go up, but are so numerous that 
two or more rows are necessary. In such a 
case the wires might be much crowded at 
the bushings at the top of the box. It is well 
to so arrange the branch blocks that the 
positive and negative wires bunch together. 
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Such an arrangement is shown in Fig. 8. 

This reduces the number of conductors to 

be kept apart very materially; if it should 
+ = + - + 
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FIG. 8.—CABINET WIRING. 


be desirable, it would be good practice to run 
the negative bunch or the positive bunch of 
wires through the same bushing and even 
tape those of like polarity together. In 
switch-board work this will be found to be a 
most convenient device, fortwo well insu- 
lated conduits will be sufficient to carry any 
number of circuits with perfect safety. 
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front. Such boards are much used where it 
is desirable to place a number of offices each 
on a separate circuit. 

In cabinets containing switches, it is desir- 
able that the fuse block should come first on 
the circuit, and the switch next. Some of 


the most serious short circuits are liable to` 


occur within the construction of the switch 


FIG. II.—ALTERNATE SIGN WIRING. 


itself, and unless the circuit is protected 
back of this point, damage may result. This 
precaution is not so necessary with single- 
pole switches, but it is always a good plan to 
have the fuse as near the source of supply as 
possible. 

Altertiate wiring has been referred to un- 
der the subject of switch control. By this 
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FIG, IO.—SPECIAL CABINET. 


Fig. 9 shows a cabinet panel which can 
have any number of circuits and yet avoids 
all crosses of circuits of opposite polarity. 
Fig. 10 isa working drawing of sucha panel 
for 22 circuits. This combination is usually 
mounted on a piece of slate, and requires to 
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FIG. 9.--PRINCIPLE OF SPECIAI, CABINET. 


be made to order from drawings. Often the 
circuits are so numerous that the board 
would be very long and it would be incon- 
venient to install it in a vertical position. 
In such a case, crosses may be avoided by 
bringing the lower wires back of the switch- 
board, while the upper wires pass over the 


is meant that in combinations of lamps in- 
volving long rows, the wiring is so done that 
every other lamp may be lighted indepen- 
dently of those adjacent. Thus there are 
two sets of lamps and three combinations: 
1, one-half lighted; 2, the other half lighted; 
3, all lighted. Only three wires are neces- 
sary in such a case, the method being shown 
in Fig. 11. If there are more than two 
groups of lamps, the number of wires neces- 
sary is one more than the number of groups. 

Five hundred volt wiring for lighting pur- 
poses is a special combination and can be 
discussed in a few words here and finally 
disposed of. In such work the lamps are 
connected five in series. It is important 
that the lamps of each set be of the same 
make, for otherwise they will burn unequally 
in relative brilliancy. Some will burn too 
brightly and havea short life and others will 
scarcely glow and will be extremely waste- 
ful in watts per candle-power. Even lamps 
of the same maker are liable to thus vary 
when placed in series. 

The whole group of lamps should be con- 
sidered asa single lamp in calculating the 
wiring. Thus the lamp feet will be one fifth 
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as much, and the wire will have five times 
the resistance per foot, other things being 
equal. 

Lampson 500-volt circuits should be se- 
cured in their sockets so that they cannot be 
readily unscrewed. Key sockets should not 
be used and every group of lamps should be | 
controlled by a snap switch. The reason 
for this is because the breaking of such a 
circuit is accompanied by an arc that burns 
ordinary sockets badly and ultimately de- 
stroys them. Ordinary half-ampere fuse 
fixtures are not suitable, as s500-volt fuses 
must be very long in order to avoid any pos- 
sibility of the arc, following after the fuse 
is blown. 


THE STEAM ENGINE INDICATOR CARD. 


Peculiar forms of indicator cards may he 
classified under two heads—those useful in 
pointing out effects due to causes likely to 
normally occur, and “freak ” cards, the re- 
sult of abnormalities that the one taking 
the card can usually determine at the time, 
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but which, in the absence of engine and 
other data, become puzzles often scarcely 
worth the time to solve. Two instances of 
the latter class are shown in Figs. 6 and 7. 
Fig. 1 isa card taken from a 22 in. X 48 in. 
Corliss engine making 60 r. p. m., the scale 
being 40 lbs. to the inch, and is as nearly an 
ideal card as can be obtained from an engine. 
The steam line, 4 B, is straight and hori- 
zontal, while the expansion line, BCG, coin- 
cides almost exactly with the corresponding 
curve of expansion of a perfect gas. The 
expansion, it will be seen, is carried down 
to the very pressure of exhaust, thus utiliz- 
ing every available portion of work in the 
steam. The exhaust line, CD, is straight 
and horizontal and the compression line, 
DE, of good shape. As the engine has 
Corliss valves with little clearance, it is 
probable that the compression line extends 
above £, for with very small clearance the 
upper portion of such a curve is so nearly 


vertical as to actually appear so. 
z A 


FIG. I. 


Such a card requires almost perfect con- 
ditions of steam working—dry steanı, small 
clearance, separate steam and exhaust ports, 
ports exactly proportioned to piston speed, 
quick opening and release of steam valve, 
open exhaust, etc., and it is doubtful if 
such conditions can be attained in any other 
engine than of the Corliss type. With the 
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introduction of superheated steam working, 
which does not seem far in the future, the 
more usual type of engine will, however, 
give a radically better card than at present—a 
card not distorted through the effects of con- 
densation varying from Io to 50 per cent. 
with the steam usually supplied. 

Fig. 2 is a card from a fast running engine 
under partial load, and shows the large 
amount of compression present under such a 
condition—in this case the exhaust valve 
closing at about half stroke. It will be seen 
that in the left hand card the pressure due 
to compression is carried higher than the 
initial pressure. Under the circumstances, 
however, this would scarcely justify any 
valve readjustment, as the excess of com- 
pression would disappear under a larger load 
and probably not make itself unpleasantly 
known at the load there indicated. The 


shape of the end of the compression line may 
be explained upon the supposition that the 
excess of compression over initial pressure 
forced the valve off its seat, thereby causing a 
drop in the cylinder pressure. The final peak 
might be due to vibration of the indicator 
spring, or to a rise again in compression 
pressure after the valve has reseated. 

Fig, 3 is a card taken from a rolling-mill 
engine. In thisclass of work the steam fol- 
lows full stroke or nearly so, but in the pres- 
ent instance it might be cut off at about 
three-quarters stroke if there were a free ex- 
haust, and the same power developed with a 


FIG. 3- 


saving of 25 percent. The exhaust is much 
throttled, the cylinder pressure not drop- 
ping to the normal exhaust pressure until 
about half stroke. If the engine was de- 
signed to be worked at full stroke, and 
properly so designed, the cause of the 
throttling would be looked for beyond the 
valve. 

Fig. 4 is a card recently taken by an ex- 
pert called in to explain why a certain en- 
gine did not work well. The engine is of 
the Corliss type, and it is quite evident that 
the valves were set by guess—the engineer 
probably being one of those who do not 
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FIG. 4. 


believe in new-fangled ideas and indicators. 
The steam valve of the left hand card is 
shown to be properly set, but the exhaust is 
too late, or does not show a clear opening. 
The exhaust of the right hand card, on the 
contrary, is properly set and gives a clear 
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opening, but the steam valve shows a curi- 
ous condition, not opening until about one- 
fifth of the return stroke, and then only 
partially, as shown by the slow rise in ad- 
mission pressure. 

Fig 5 is a card taken from a gas engine, 
and shows the usual high explosion line and 


FIG. 5. 


quick drop, part of which is due to the in- 
ertia of the indicator, and part to the very 
rapid cooling of the products of combustion 
by the water jacket. Owing also to the 
water jacket, there are wide differences in 
the shape of the expansion lines of cards 
from different gas engines, or the same gas 
engine under different loads, due to the loss 
of heat through the cylinder walls. 

Figs. 6 and 7 are ‘‘ freak’’ cards, which are 
offered for explanation to our readers with- 
out comment. Fig. 6 was sent to a maker 
of indicators with a request to explain the 


FIG. 6. 


cause of the re-entering curve. Fig. 7 is a 
card taken when the valves of a new engine 
were being adjusted. Unfortunately both 
originals were lost before a transcript of data 
was made, thus making any explanation 
more difficult to arrive at. It may here be 
added that in the case of ‘‘freak’’ cards, it 
is always well to begin with the indicator in 
attempting to arrive at an explanation, and 
next to consider whether the aberration 
may not be due to the manner in which the 
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drum motion is derived—the engine as a 
cause not being taken up until these points 
have been disposed of. 


RECENT PATENT DECISIONS. 


The following digests of decisions of Fed- 
eral Courts and of the Commissioner of Pat- 
ents relating to patents, is abstracted from 
the official Gazette of the United States 
Patent Office. The publication of this use- 
ful information will be continued in our 
columns from month to month. 

In a case decided by the Commissioner of 
Patents where one S. alone filed an applica- 
tion for a patent for himself and another, as 
joint inventors, alleging in the oath, petition, 
and preamble that he and another party are 
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joint inventors of the invention for which a 
patent was solicited, it was held that an ap- 
plication for a patent for a joint invention 
must be made by all joint inventors. 

The sale of an element of a combination 
segregated from the whole combination does 
not break the patentability of the combina- 
tion. 

An assignment of an unpatented invention 
which does not contain a request that the pa- 
tent issue to the assignee does not convey a 
legal title to the patent when granted, but 
gives only an equitable interest. He who 
takes such an equitable title, takes it subject 
to all existing equities, whether he has notice 
or not. 

Although an application for a patent may 
be considerably confused and informal, yet 
if the claims, taken in connection with the 
description and drawing, can be understood, 
action on the merits should be given. 

The Patent Office is not a proper place in 
which to try an issue as to ownership of a 
patent. It has no judicial functions for the 
determination of private rights. The nu- 
merous questions pertaining to ownership of 
an invention or a patent are for the courts to 
settle. It is not even mandatory on the 
Commissioner to issue a patent to the as- 
signee of an inventor. 

An affidavit which seeks to overcome a 
foreign patent cited as reference must make 
a showing of facts that the invention was 
completed in this country before the date of 
the foreign patent. 

To constitute anticipation of a device, it is 
enough that such a device has been in well- 
established use, whether it originated in de- 
sign or by accident. 

Although a device is not commercially 
perfected and does not do as effiient work 
as later devices, yet if it shows every feat- 
ure of the invention in controversy, and is 
adapted to perform the work for which it 
was intended and actually did such work, 
such a device is a reduction to practice. 


Where, after the issue of an original pa- 
tent and before an application for there issue 
of the same, it is shown that other parties 
were using the subject matter not claimed, 
then the patentee has abandoned his right 
to a reissue to claim such matter, by his de- 
lay in not applying for the reissue before 
the rights of other parties accrued. 

In determining the question of rights in- 
tervening after the grant of a patent and be- 
fore an application for a reissue, the Patent 
Office does not decide whether any of the 
claims of the original patent are infringed. 
The question of an infringement is not in- 
volved. 

An exclusive license for a consideration 
by a corporation, to a person assigning to it 
his patent to manufacture and sell, as ageut 
upon his own account, subject to uniform 
terms and conditions, the corporation itself 
agreeing not to manufacture, is part of an 
illegal combination and in unwarrantable® 
restraint of trade. Combinations between a 
number of persons engaged in the same 
general business to prevent competition and 
maintain prices, being against public policy 
and illegal, the same principle, notwith- 
standing the patentee’s exclusive control of 
his invention, is applicable in questions con- 
cerning patents. 
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A BIOGRAPHICAL HISTORY OF ELEC- 
TRICITY. 


With the name of Coulomb comes up the 
vexed question as to the relative proportion 
of credit due to the original discoverer of a 
law, principle or invention, and to one who, 
though coming later, yet independently 
makes the same discovery, and is the first to 
communicate it to the world, thereby, 
through the results which directly follow, 
conferring a benefit upon mankind, or open- 
ing up a new era in thought or science. 

The comparatively recent publication of 
the electrical researches of Cavendish has 
shown that as early as 1772, the eccentric 
Englishman had demonstrated, by methods 
even more rigorous than those of Coulomb, 
the law of inverse squares with respect to 
electrical attraction and repulsion. 
Nevertheless, the demonstration by 
Coulomb, thirteen or fourteen years 
later, of the same law is what laid the 
foundation of exact electrical science, 
and the prior work of Cavendish— 
only revealed to the world when it had 
become an antiquity in scientific 
knowledge —should not detract one 
iota from the fame of the French 
scientist. 

Charles Augustin de Coulomb ( 1736- 
1806) came of a family of magistrates, 
and in early years showed a decided 
aptitude for science and mathematics. 
Entering, at an early age, the corps 
of military engineers, he spent nine 
years in Martinique, West Indies, 
where he built Fort Bourbon. In 
1776 he published a memoir on elas- 
ticity and torsion, which first estab- 
lished some of the laws relating to 
these branches. In 1779 he divided 
with another a prize offered by the 
Académie (afterwards the Institut) 
for a paper on the best construction 
of ships’ compasses, and two years 
later obtained a prize from the same 
source on the theory of simple ma- 
chines. 

From 1785 to 1789 Coulomb pub- 
lished his fundamental memoirs on 
the laws of electricity and magnet- 
ism, in which he applied to the measure- 
ment of electrical and magnetic attrac- 
tion and repulsion, and to the study of 
distribution of static electricity, the prin- 
ciples of: torsion as established in his 
paper of 1776. At the beginning of the 
French revolution he occupied a number of 
positions of honor and profit, of which he 
was deprived on account of the law expel- 
ling nobles. Later, when the Académie was 
revived in the Institut, he returned to Paris, 
but thenceforth made no notable contribu- 
tions to science. 

When Guericke or Gilbert, brought 
up in the speculative school of thought 
which so long ruled the world, made a dis- 
covery, he never thought of submitting the 
phenomenon to measurement, but at once 
proceeded to build up grandiloquent hy- 
potheses resting on no quantitative basis, 
his aspirations apparently being impatient 
of the trammels of numbers. Even one so 
practical as Franklin did not think of mak- 
ing quantitative measurements. Coulomb, 
on the contrary, was always occupied with 
the absolute value of the forces with which 
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he dealt, and, therefore, instead of merely 
originating hypotheses, established laws. 

The work of Coulomb consisted in estab- 
lishing the electrical and magnetic laws of 
attraction and repulsion. He demonstrated 
that the internal surface of a conducting 
body cannot be charged with static elec- 
tricity; proving that electricity only distrib- 
utes itself by virtue of its own repulsion, he 
showed that, therefore, it can only be found 
in a state of equilibrium on thesurface. He 
originated the torsion balance method of 
measurement and the proof plane, by means 
of the latter studying the distribution of 
electricity and showing that the density at 
any point is proportional to the force there 
existing. 

A German writer has said that the entire 
mathematical treatment of magnetic and 


COULOMB’S ORIGINAL APPARATUS. 


electrostatic phenomena, as it exists to-day 
in the potential theory and its applications, 
has been built upon the work of Coulomb, 
and that his labors for a long time were the 
exclusive basis of physics, The same writer 
remarks that, unlike Faraday, Coulomb re- 
garded the forces he measured as proceeding 
from phenomena whose causes he felt no 
more under the necessity of seeking than 
for those of the force of gravity. His work 
was free of all speculation and directed ex- 
clusively toward determining a knowledge 
of the laws of phenomena, and the formulat- 
ing of this knowledge with respect to custom- 
ary ideas independent of hypothesis, such an 
expression of facts being at once the sim- 
plest and the only one adapted to all times. 
In this respect, he adds, the labors of Cou- 
lomb are for all time models of experimental 
investigation, and their appreciation in- 
creases when it is realized that they were 
the first measurements in the domain of 
electricity, while the methods of measure- 
ments thus introduced into science by him 
are to this day the most indispensable means 
of the physicist. 
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The accompanying engraving is a repro- 
duction of the original illustration of the 
apparatus used by Coulomb in his experi- 
ments to establish the laws of electrical 
attraction and repulsion. It consisted of a 
glass cylinder, 4 B C D, about 12 ins. in 
diameter and 12 ins. high, covered by a glass 
plate. In this plate were two circular holes, 
over one of which was secured a glass tube, 
1% ins. in diameter and 2 ft. high. 

In the upper end of the tube was fitted 
a hollow plug having its rim calibrated in 
degrees, and in the plug a torsion head 
having a pointer that played over the cali- 
brated rim, the fit in each case being snug. 
To the torsion head, by means of a device 
like a crayon holder, was secured a steel 
torsion wire, to whose lower extremity was 
made fast in like manner a holder similar to 
that at the upper extremity. Through 
a hole in this latter was passed a rod 
made of shellaced silken threads, on 
one end of which was secured a 
gilded pith ball, a, and on the other 
a paper disk, g. Through the other 
opening in the glass cover was passed 
a similar pith ball, its shellaced 
thread support being held by a split 
piece of wood resting on the cover. 

The manner in which the experi- 
ment may be repeated is as follows : 

The fixed pith ball having been in- 
troduced, without charge, into the 
cylinder, the torsion head is so 
moved that the suspended ball just 
touches it, and at the same time is 
radially opposite the zero mark on the 
scale about the middle of the cylin- 
der; the tube plug is then moved 
until the torsion head pointer is over 
the zero of the scale on the plug rim. 
Both balls being now electrified in 
the same sense from an exterior 
source, the suspended ball is repel- 
led, thereby twisting the wire. By 
turning the torsion head in the 
opposite direction to the twist, the 
suspended ball, of course, is ap- 
proached to the fixed one, and an 
increased number of turns is found 
necessary to move the ball for each 
division of the cylinder scale that it 
is approached to the fixed ball. 

Coulomb had in his early scientific work 
determined the laws of torsion, and, there- 
fore, by observing the rate at which the in- 
crease of turns of the torsion head grew as 
the distance between the pith balls was uni- 
formly and successively decreased, he was 
enabled by a simple calculation to find that 
the force of repulsion between the balls 
varied inversely as their distance apart. 

As stated before, Coulomb made no at- 
tempt to explain the mechanism of repulsion 
or attraction, being content to measure the 
effect. It was not until Faraday, whose deep- 
seeking mind found ‘‘ action-at-a-distance ” 
nothing but a formula hiding the absence of 
even a hypothesis—that the dielectric or me- 
dium was looked upon as the agency through 
which a force produces an effect. 

An extended search in libraries and nu- 
merous inquiries have brought to light no 
source from which a portrait of Coulomb 
could be obtained. Steps have been taken, 
however, to obtain a photograph of a bust 
in Paris, from which an engraving will be 
made and printed in a future issue. 
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IN 
PRACTICALELF TRICITY 


GENERATORS OF CONTINUOUS CURRENTS. 


In order to make this article as far as pos- 
sible complete in itself, the fundamental 
principles relating to the generation of 
E. M. F. will be reviewed. 

When a conductor cuts lines of force, there 
is generated in it an E. M. F. In absolute 
units the value of this E. M. F. is expressed 
by the number of lines cut per second; in 
practical units or volts, it is the number of 
the lines cut divided by 100,000,000 (10°). 
Referring to Fig. 1, which represents an 
armature in a bi-polar field, it will be seen 
that while a wire on the armature moves 
from A to B, but few lines will be cut, while 
when moving from / to J, the rate of cutting 
is a maximum; in the above case the ratio 


FIG. I.—ARMATURE CONDUCTOR IN 
BI-POLAR FIELD. 


of the E. M. Fs. generated in cutting through 
A B and in cutting through / J are as 12 to 
156. 
If a bi-polar field is laid down to scale as 
in Fig. 1, and the number of lines counted in 
each of the equal divisions into which the cir- 
cumference of the armature may be divided, 
acurve can be constructed from these num- 
bers which will show how the E. M. F. in 
an armature conductor in a bi-polar field 
varies in a revolution, armature reaction and 
distortion of field being neglected. In 
Fig. 1 such a curve is shown. It will be 
seen that when a wire is at 4, there is no 
E. M. F. since it is cutting no lines; while at 
J the rate of cutting is a maximum, and the 
curve reaches its highest point. Supposing 
that it takes one second fora wire to pass 
over each of the divisions of a revolution, 
then the E. M. F. in the division, 4 B, will 
be 1.2 absolute units, and 15.6 in the divi- 
sion, ZJ. From/to N the reverse operation 
occurs, since the wire in each succeeding divi- 
sion cuts less lines. From ' to M to A the 
cutting is the same as in the right half, but 
since the lines are cut in an opposite direc- 
tion, the E. M. F. is opposite in direction 
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and, therefore, negative. The curve thus 
obtained is known as a sine curve, which 
name is derived from the equation expres- 
sing the curve. 

In the armature wires of all commercial 
forms of dynamos, an alternating or sin- 
usoidal E. M. F. such as just described is 
generated, but by the employment of a com- 
mutator, the E. M. Fs. of the several arma- 
ture wires are added together in such a 
manner that the E. M. F. at the brushes is 
practically constant. The object ef this 
article is to explain how this is done. 

Figs. 2 and 3 represent a Siemens drum 
armature with a four-part commutator. As 
just stated, as the armature revolves an 
alternating E. M. F. is generated in each of 
the wires shown, and by following up the 
windings, the manner in which these separ- 
ate E. M. Fs. are added will be made clear. 
We will commence at the brush, 4, and 
commutator segment, 13, and follow from S 
the wire 1. The arrow shows the direction 
of the E. M. F. generated in 1-1; as the 
wire, 1’-1’, with which it connects is cutting 
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of the E. M. F. ata single instant of time, 
and have explained only one of the two 
functions of the commutator—that of add- 
ing together E. M. Fs. and forming them 
into two series in parallel. We will next 
take up the commutator in motion and show 
how it delivers, with a sufficient number of 
segments, a practically continuous current. 

Referring to Figs. 2 and 3, it will be seen 
that when the armature wires 1 and 4 are at 
a, the brush, 4, will be just passing to the 
segment 13 to which 1 connects; also, since 
a four-part commutator it used, when 1 and 
4 are at a where the field has no strength, 3 
and 2 will be at 7 where the field strength is 
a maximum. Similarly, 1’ and 4’ will be at 
n and 3’ and 2’ at m, and the brush, BZ, will 
be just passing from segment 34 to 42. 

Now, since the brushes, 4 and B, will re- 
main on the segment while the armature is 
passing through a quarter revolution, the 
wires 1 and 4 will pass from a to 7 in that 
time; the wires 2 and 3 from j to n; the 
wires 1’ and 4’ from n to m, and the wires 
2’ and 3’ from m toa. Taking up only one 


FIGS. 2 AND 3.—SIEMENS DRUM WITH FOUR-PART COMMUTATOR. 


lines of force in an opposite direction, its 
E. M. F. will be opposite to that of 1-1, but 
as the direction with respect to the commu- 
tator is also opposite, its E. M. F. will con- 
sequently be added to that generated in I-1. 
The end of the 1’-1’ connects to the commu- 
tator segment, 21, and by tracing the wind- 
ing it will be seen that the E. M. Fs. gener- 
ated in the wires 2-2 and 2/-2’ will also be 
added in the same manner as was that gen- 
erated in 1’-1’. Finally, the end of 2’ comes 
to the brush commutator segment, 42, op- 
posite to the one from which I started. If, 
now, the other circuit (numbered 3 and 4), 
starting from S, is followed, it will be found 
that exactly the same actions occur as in the 
circuit just considered. 

The actions described are further repre- 
sented in Figs. 4 and 5, from which it will 
be seen (Fig. 4) that the case is similar to 
that of connecting up voltaic cells, the 
E. M. Fs. of the latter corresponding to the 
E. M. Fs. generated in the several armature 
wires. Fig. 5 represents the same thing 
diagrammatically and shows that in a bi-polar 
dynamo the E. M. Fs. are joined up by the 
commutator into two series in multiple, in 
precisely the same manner that batteries are 
joined in series-multiple; each wire on the 
cylindrical surface of the armature corre- 
sponds to a voltaic cell, with, however, the 
difference that the E. M. F. of a cell is con- 
stant, while that of a wire changes with 
every change of position due to the revolu- 
tion of the armature. 

Thus far we have only considered the case 


of the two parallel armature circuits or 1-1/- 
2-2’, and referring to Fig. 1, it will be seen 
that during such quarter revolution, the E. 
M. F. of 1 will have increased from 4 or zero 
to / or a maximum; the E. M. F. of 1’ will 
have decreased from V or zero to Mora 
negative maximum; the E. M. F. of 2 will 
have decreased from / to N, and that of 2’ 
increased from M to 4. 

While half of the separate E. M. Fs. gen- 
erated during this quarter revolution are 
positive and half negative, it has been shown 
that, owing to the manner in which the 
windings connect to the commutator, the 
several E. M. Fs. add as if all were positive. 
This addition is made in Fig. 6 for a quarter 
revolution; the fractional parts (one-fourth 
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FIGS. 4 AND 5.—ARMATURE E. M. Fs. 


in this instance) of the curves mentioned in ° 
the preceding paragraph are laid down in 
full lines, and the sum of the several E. M. 
Fs. which they represent is indicated by the 
upper figure, this resultant E. M. F. being 
measured from the base line tothe boundary 
curve. 

At the position in which the armature is 
shown in Fig. 3, the values of the E. M. Fs. 
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at that instant in the wires 1, 1’, 2 and 2’ are 
represented by the length of the lines, ZX, 
KT, SPand PR, respectively, and the sum 
of these lines is represented by FG in the 
figure of resultant E. M. F., or the E. M. F. 
which appears at the brushes. When the 
wire 1 is at a (Fig. 2) the brush E. M. F. is 
that due to the wires 2 and 2’ alone, while 
when I is at 6 the brush E. M. F. is due to 
I and 1’ alone, 2and 2’ being now at # and a 
where there it nofield. It will thus be seen 
that while the E. M. F. in each of the four 
wires is varying between zero and a positive 
or negative maximum, the E. M. F. at the 
brushes only varies between limits repre- 
sented by 7 m and FG. 
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FIG. 6.—CURVE OF E. M. F. WITH FOUR- 
PART COMMUTATOR, 


We have thus far only considered a quarter 
revolution. Referring again to Figs. 2 and 
3, it is evident that when the brushes, 4 and 
B, pass from 13 and 42 to 24 and 21 respect- 
ively, the two new circuits have precisely 
the same relation with respect to the brushes 
as had the two former ones, and therefore 
the events of the preceding quarter revolu- 
tion will be exactly duplicated, and so on 
for each succeeding quarter revolution. In 
Fig. 6 the dotted half of the curves shows 
the new condition. The brushes passing to 
other segments have merely changed the re- 
spective relations to each other of the separ- 
ate armature wires, which continue to add 
their E. M. Fs. together as before, though 
in another order; neither has the change 
affected in any manner the individual arma- 
ture wires, which always continue to gener- 
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ate an alternating or sine E. M. F. as in 
Fig. 1. In Fig. 6 the E. M. F. curve is 
shown only for a half revolution; if for a full 
revolution or more the parts of the curves of 
I, 1’, 2and 2’ would be merely duplicated. 

The upper or brush curve of E. M. F. has, 
it will be seen, four variations corresponding 
to J, F, J for each revolution. With an 
eight-part commutator, these variations 
would be reduced as shown in Fig. 7. With 
a twenty-part commutator the fluctuations 
are less than one per cent. and therefore or- 
dinarily negligible, while the fluctuations 
with the number of segments used in prac- 
tice are so small that they can only be de- 
tected by means of the telephone. 

From what precedes it will be seen that 
a commutator has two functions: First, to 
add to the E. M. Fs. generated in the indi- 
vidual armature wires; second, to divide into 
small sections the sine variation of E. M. F. 
in the individual wires, such that when the 
E. M. Fs. of the various wires are added, a 
decreasing E. M. F. in one will be offset by 
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FIG. 7.—CURVE OF E. M. F. WITH EIGHT- 


PART COMMUTATOR. 


an increasing E. M. F. in another, thereby, 
with a sufficient number of segments, ap- 
proximating to a constant brush E. M. F. 


The English Municipal Electrical Engineer. 


The editor of the London £lectrician re- 
cently inquired of a municipal electrical en- 
gineer why the station over which he pre- 
sides had been so long a building. His 
reply was somewhat as follows: ‘‘ The 
prevailing feature in my Electricity Com- 
mittee is that it will rarely decide anything 
that can be deferred until the following 
week. On my appointment I found that an 
idea possessed the members of committee 
that they could erect the proposed elec- 
tricity works on a hopelessly small site, and 
it took me some time to rid them of this no- 
tion. Thereupon a member of the committee 
took upon himself to find a suitable site; but 
being a busy man he was unable to devote 
much time to the job, and thus several 
months were lost. A sub-committee was 
then formed to make the usual grand tour; 
but as it was composed of extremely busy 
gentlemen, it was not until some nine 
months that the tour commenced. Specifica- 
tions were then drawn up, and a large num- 
ber of tenders were received, and consider- 
able time was occupied in examining them 
and preparing the necessary report. The 
report was referred to the sub-committee, 
which devoted considerable time to its con- 
sideration, though the difficulty was to in- 
duce the sub-committee to meet. The main 
cause of delay was, therefore, the anxiety of 
officials to see to everything themselves. 
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Transformer Primary Turns and Secondary 
Voltage. 


Observing the query of O. F. L. as to the 
effect of increasing the primary turns of a 
transformer, on page 177 of your September 
issue, and your answer to the same, we 
thought it might be of interest to some of 
your readers to mention a practical case 
confirming the information there given. In 
the case referred to, part of the winding had 
been removed from the primary of a trans- 
former, with the result of increasing the 
secondary E. M. F. considerably. The reason 
for this increase is obvious from your answer 
to O. F. L., but the subject is one not gener- 
ally understood. 

BAECHTOLD & PARKER. 


— i? 


Test of Span Wire Insulation. 


A large majority of the trolley roads in 
operation at the present day use what is 
known as the ‘‘ West End ” type of trolley 
wire hangers. Probably a large proportion 
of these roads have more or less trouble 
due to defective insulation at the bolts 
connecting the ear to the body. Owing to 
the fact that the span wire is insulated at the 
point where fastened to the pole, thereby 
constituting a double insulation between the 
trolley wire and the ground, it oftentimes 
requires considerable time and bother to lo- 
cate the particular bolt or bolts which are 
defective; either the insulation at the bolt 
or at the pole may be defective, and the other 
one being perfect, an ordinary insulation 
test may fail to disclose any leak. 

In order to avoid the tiresome method 
usually employed to locate faulty insulation 
on span wires, the writer has devised certain 
attachments which may be placed upon any 
car,and which will indicate by simply run- 
ning the car over the road, any defectin the 
insulation, either at the pole or at the 
hanger. Itcan be easily explained by ref- 
erence to the accompanying diagram, in 
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which 4 is the trolley wire, Z the span wire, 
C the hanger, D thetrolley pole, Æ a spring 
attached to the trolley pole, but insulated 
from the pole by the block of wood at F; G 
is a flexible cable leading down into the car, 
where it is attached to one side of a volt- 
meter. 

As the car passes over the road, the spring, 
£, comes in contact with the span wire, 2. 
If the insulation in the hanger is defective 
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thereby making the span wire alive, the cur- 
rent will flow down the cable, G, to the 
voltmeter; the other side of the voltmeter 
being grounded, the needle will indicate the 
potential of the span wire. On account of 
the short time of contact owing to the speed 
at which the car is traveling, the voltage 
reading will not rise to the full voltage of 
the line, but will probably indicate from 
40 to 50 volts, although the actual voltage 
of the span may be 500. 

In case the insulations at the poles are de- 
fective, it will be necessary to reverse the 
connections at the voltmeter, connecting 
one side to the trolley and the other side to 
the cable, G; in this case, where the span is 
grounded the current will flow through Æ 
to the span and ground, causing the reedle 
to indicate as before. 

FRANCIS G. DANIELL. 
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A Singular Accident, 


The accompanying sketch illustrates what 
a catalogue of evils may result from a small 
cause. The sketch represents the follower 
plate of an 8% X Io engine, making 320r. 
p. m., located at 35 Bridge Street, New York, 
and was furnished by the courtesy of Mr. 
Mayglothling, the chief engineer. Upon his 
return from a temporary absence of about 
three months, he noted an increase in the 
coal consumption from 1500 to 3000 lbs. An 
application of the indicator showed an in- 
crease in back pressure of about 11 lbs. The 
cylinder head was removed and an opening 
about % in. in area was found through the 
piston, that in the piston head corresponding 
almost exactly in shape and size with the 
hole in the follower. 

This opening had been gradually worn 
through both the piston head and follower 


plate by one of the bolts used to set out the 
packing springs, which had become loose 
and struck the piston head or follower at 
each change of stroke; its travel was about 
I in. to start with, and about 2% ins. finally. 
It also developed that before Mr. Maygloth- 
ling’s return this hole had become large 
enough to allow the bolt to pass out and 
enter the valve chest, which resulted in the 
breaking of the rocker arm. This was re- 
paired and no examination made, as the man 
then in charge of the engine assumed that 
the bolt came from the feed-water heater! 

When the real cause of the leakage was 
discovered a new piston was provided, and 
the coal consumption was reduced to the 
normal amount. 
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In order to maintain the speed before the 
leak was discovered, the governor springs 
had been tightened to the fullest extent, and 
under the maximum load the speed would 
fall about fifty revolutions; the consequence 
of this was that, the lights run from the dy- 
namo operated by the engine were unsatis- 
factory. Still another consequence was, that 
owing to the largely increased demand for 
steam, the boiler was fired so strongly that 
the damper was burnt out. 

A. C. LIPPENCOTT. 


—_——_———_s+- eo ——_—_—_ 


A Suggestion For An Instructive Experiment. 


The experiment suggested by your corre- 
spondent—‘‘ A Suggestion for an Instructive 
Experiment: ’’—would certainly succeed. 
He will find practically the same experiment 
described in many text books, and appara- 
tus for performing it will be found figured 
and described in the catalogues of physical 
instrument makers. 

Lines making ‘‘ a complete circuit in the 
air without any mechanical obstruction ” do 
not exist in the space enclosed by an iron 
ring wound with a coil of wire. It must be 
remembered that the lines of force produced 
by a coil of wire are the resultants of the ele- 
mentary lines surrounding each individual 
wire of the coil. Every such line must, 
therefore, for a part of its length, pass inside 
the coil. As a matter of fact, the lines of 
force produced by a coil wound on an iron 
ring are almost entirely confined to the ring 
itself, for the reason that the ring offers the 
path of least resistance. 

So with the permanent magnets referred 
to by your correspondent. The lines of 
force when the fonr magnets are joined to 
form a square, are withdrawn from the air 
space and pass through the bars. 

A single bar magnet gives rise to lines of 
force extending through the air from N to S 
and through the magnet from Sto XN. If 
four such magnets are joined as your corre- 
spondent suggests, the lines of force of any 
magnet instead of being completed through 
the air, will be completed through the other 
magnets—that is, will join onto and become 
a part of the lines already existing in the 
other magnets. If perfect contact could be 
secured between the poles of four equal mag- 
nets, no magnetic force whatever would be 
found in the air space. 


Wo. A. ANTHONY. 


The communication of ‘‘ Electrician” on 
page 175 of your September issue, raises some 
interesting theoretical points. In the first 
place, the apparatus illustrated ought to re- 
volve according to theory, and in the second 
place it does revolve if the experiment be 
properly tried. 

The criterion of continuous rotation in an 
apparatus of this sort is this: If it revolves it 
must obtain its supply of energy from the 
electric current, and it is therefore only a 
particular form of electric motor, and like 
other electric motors, it must somewhere 
generate a connter E. M. F. In other words, 
if revolved mechanically, it must be a dy- 
namo and generate a current. 

In the apparatus herewith described, the 
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lines of force from N to S pass through the 
mercury trough, so that the rotation of the 
movable member causes the lines of force to 
cut the mercury. There should therefore 
be a torque, and if the apparatus moves 
easily enough, a rotation. 

If anyone wishes to repeat the experiment, 
he should observe the following precautions. 
The magnets should be as strong as possible 


for their weight, there should be a consider- 
able length of vertical conductor both above 
and below the revolving parts so as to keep 
the horizontal leads well away from the 
magnets, the first should be well made to 
reduce the friction, the lower mercury trough 
should be as large in diameter as the mag- 
nets will allow, the mercury should be clean, 
and the contacts so arranged that on the one 
hand they are large enough to allow the 
passage of a heavy current, yet on the other 
hand they do not offer too much resistance 
to motion. 7 

In an experiment tried by the writer with 
the assistance of Mr. E. V. Baillard, two sec- 
tions of acompound magnet from a telephone 
receiver were used, and the pivot was moder- 
ately well made, but was not a jewel center. 
Forty amperes were required to start a rota- 
tion of any certainty. Pole shoes of iron 
were then attached as shown in Fig. 2, 
with the result of improving the rotation. 

This is conclusive proof that the origin of 
the torque is in the cutting of the magnet 
field by the mercury, for the pole shoes do 
not increase the strength of the poles, but 
only the number of lines of force through 
the mercury. If the rotation attains any 
considerable value, the mercury is liable to 
begin to move itself by reason of the mechan- 
ical action of the contacts, which reduces 
the tendency to rotation of the magnets. 

This is not a perpetual motion apparatus, 
as the energy evidently comes from the elec- 
tric current. The iron ring wound with 
wire and the bar magnets arranged in closed 
magnetic circuit, do not produce lines of 
force entirely in the air space. The lines of 
force from a permanent magnet, or from the 
core of an electromagnet, always pass 
through the iron (or steel), and the effect of 
forming a complete magnetic circuit is to 
remove the lines from the air. In the case 
of a perfectly uniform ring, there are abso- 
lutely no lines in the arc at all. In the 
foregoing experiment there is no part of the 
torque due to the current in the vertical] part 
of the conductor. This would seem to con- 
tradict the usual statement of the text books 
quoted by ‘‘Electrician,’’ but whether it 
does or not depends upon the exact form in 
which the statement is made, and the dis- 
cussion of this point would occupy too much 
space for this letter. 


TOWNSEND, WOLCOTT, 
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52. Can two arc dynamos be coupled to- 
gether soas to work on the same circuit ? 

This is frequently done. The two ma- 
chines are connected in series so that the 
same current passes through each and 
the voltage of one is added to that of the 
other. Connect the positive terminal of 
No. I to negative terminal of No. 2; connect 
the positive line terminal to positive ter- 
minal of No. 2; connect the negative line 
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terminal to negative terminal of No. 1 as in- 
dicated in Fig. I. 


53. What advantages are there in coupling 
two arc dynamos in series? 

Coupling two machines in series gives a 
higher voltage and so allows more arc lamps 
to be connected on one circuit. By thus 
using one long circuit instead of two or 
more shorter ones, considerable wire is saved 
in returning to the station and so less elec- 
trical energy is lost on the line. Again, the 
circuits may become so loaded that they 
are not even loads for the dynamos and 
some machines would carry less than full 
load while others would have an overload. 
By connecting several circuits and several 
dynamos in one circuit, itis often possible to 
arrange that each dynamo worksat full load. 


54. Is tttrue that two arcdynamos of equal 
size connected in series can operate. more 
than twice as many lamps than one alone? 

This is sometimes found to be true. It is 
probably due tothe fact that ina long cir- 
cuit with many lamps, the fluctuations due to 
the feeding of the lamps become more uni- 
form asa smaller proportion are feeding at 
the same time. This allows the dynamos to 
work with less margin for fluctuation. 


55. Ts tt not dangerous to connect several 
arc machines in series? 

It is to some extent. Of course, the volt- 
age is higher and it is necessary to have the 
lines, lamps and machines well insulated. 
The liability to getting a serious or fatal 
shock is increased, but no one has any busi- 
ness handling an arc circuit, unless he uses 
proper precautions, and to most people it 
would make little difference whether the 
shock was from 2000 or 10,000 volts. 


56. How are the machines started when 
two are coupled in series? 

Make all the connections and then bring 
both machines up to speed gradually and 
together. Or, if this is not convenient or 
desirable, move the brushes or regulator of 
each machine to the position of no load and 
then throw in both machines at once. 


57. How are two or more incandescent 
dynamos coupled for combined output? 

The two machines are generally connected 
in parallel orin muitiple on the same mains, 
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as indicated in Fig. 2. Both machines are 
regulated to give practically the same volt- 
age and current. 
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58. When two incandescent dynamos are 
to supply the same mains, how may the two 
be started safely? 

This depends upon the load. If it comes 
on all at once, both machines should be 
started at the same time. Connect both 
machines to the circuit and bring both up to 
speed gradually. Watch the ammeters and 
adjust the regulators so that both machines 
may pick up at the same rate and each take 
its proper share of the load. If the load 
comes on gradually so that one machine can 
carry it all for some time another method 
is used. 


59. How can an incandescent dynamo be 
safely coupled in parallel with another one 
already working? 

Bring the secondymachine up to speed and 
adjust it until it gives the same voltage as 
the one already working and then close the 
switch so as to connect the two machines in 
parallel. A convenient way to do this is to 
have a voltmeter with a switch having three 
or more points as shown in Fig. 2. One 
side of the voltmeter is connected perma- 
nently to one of the mains, to which also one 
side of each dynamo is connected. Suppose 
the machine at the left is already connected 
to the mains and is at work, its main switch, 
S, being, of course, closed. Move the volt- 
meter switch so as to measure the voltage of 
the line or, what is the same thing, the volt- 
age of the machine at work. Then throw 
the switch over to measure the voltage on 
the fresh machine. Adjust the rheostat or 
regulator of the fresh machine until its volt- 
age is Just the same ora trifle higher than 
than that on the other machine. When the 
voltage of the fresh machine is just right, 
close its switch, S. This should cause no 
disturbance whatever, and the switch may 
be opened or closed without any flash or 
fluctuation of voltage. After the switch is 
closed, the regulator of the fresh machine 
should be moved so as to make it pick up 
its share of the load, while at the same time 
the regulator of the warm machine should be 
moved in the opposite direction sopas to 
throw off some of the load to the fresh ma- 
chine. 


60. How can one tell whether each machine 
is taking its proper share of the load? 

Each machine should have its own am- 
meter (sometimes called ampere-meter or 
current indicator) which will show at all 
times the current being supplied. If the 
machines are all of the same size, the attend- 
ant should so adjust the rheostats and 
brushes that each machine may give the 
same current. 


61. Is tt practicable or desirable to couple a 
small dynamo in parallel with a large one? 
There is no difficulty at all in doing this 
except to see that the smaller machine does 
not get more than its full share of the load. 
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62. Are not incandescent dynamos some- 
times coupled by means of double-pole 
switches instead of single-pole switches, as 
indicated in Fig. 2? 

Yes. Double pole switches are often used. 
They give the advantage that each dynamo 
is entirely isolated from the circuit when not 
working. 


63. Are not galvanometers sometimes used 
instead of voltmeters for indicating when a 
dynamo ts ready to be thrown into circuit? 

Yes. A small switch is arranged so that 
the galvanometer may be connected between 
the two sides -of the single-pole switch be- 
tween the dynamo and the main. The 
galvanometer needle will then be thrown to 
one side if the voltage of the fresh dynamo 
is too low and to the other side if it is too 
high. When the voltage is just right, the 
galvanometer needle will not be deflected at 
all. 


64. What will happen if the switch ts 
closed before the fresh machine is quite up to 
the voltage on the line? 

The fresh machine will take current from 
the line, running as a motor and increasing 
the load on the other dynamo. This may 
not do anything worse than cause the volt- 
age on the line to drop to some extent, but 
it is not a good thing to do. 


65. When adynamo runs as a motor does 
tt not run backwards, revolving in the oppo- 
site direction? 

Not if it isan incandescent dynamo. Arc 
dynamos are usually series wound, that is, 
with the field coil in series with the line, 
and a series motor runs in the opposite direc- 
tion froma series dynamo. But incandes- 
cent machines are usually shunt machines 
or sometimes compound wound. A shunt 
machine runs in the same direction whether 
as a dynamo or asa motor. A compound 
machine would run in the same direction as 
a motor unless the current were very heavy, 
when it might stop and then start in the 
opposite direction. 


66. I[ftwo machines are working in par- 
allel on the same circuit so that both give the 
same voltage, how is it possible to regulate 
the division of load between them? 

This results from the fact that the voltage 
at the terminals of the dynamo is somewhat 
smaller than the total voltage induced in the 
armature wires. There is unavoidably more 
or less resistance in the armature wires, 
commutator, brushes and connections, so 
that the current suffers some loss of voltage 
before reaching the external circuit, the loss 
of voltage being equal to the product of the 
current by the resistance. When two ma- 
chines are coupled in parallel, the voltage at 
the terminals must be the same for both. If 
the total voltage of either machine is in- 
creased, the current delivered by it increases 
until the lost voltage again equals the differ- 
ence between the total and that on the line. 
When two machines are working together in 
parallel, if the total voltage of one is in- 
creased while the other is not changed, the 
voltage on the external circuit is raised 
slightly so that difference between the total 
and external voltage of the other machine 
becomes less. The result is that the first 
machine takes more of the load and the 
other less, 
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Is it feasible to run an induction coil from an al- 
ternating circuit? J.J. 


Yes, by putting one or more incandescent 
lamps in series and throwing out the vibra- 
tor. See the article by Houston and Ken- 
nelly, page 117, August issue. 


Do the fields of an alternating current fan motor 
act as a choking coil? J. O. H. 


Any coil carrying an alternating current 
isa choking coil, whether without iron or 
when surrounding a field core. A motor, of 
course, is so designed that its proper work- 
ing is not thereby affected. 

How much would a storage battery cost torun 8 
small incandescent lamps? W. M.T. 

If the lamps are 8-cp, 3.1 watt, 12-volt 
battery lamps, the storage battery would cost 
about $60; one charging of the battery would 
run the lamps about 10 hours, when it would 
be necessary to connect it to a dynamo cir- 
cuit for recharging. If the shop has an en- 
gine it would, of course, be much better to 
install a small incandescent lighting dy- 
namo. 

Why doesa compound dynamo stop generating 
when the shunt wire is broken? F.G. H. 

We doubt if a compound dynamo will stop 
generating if the shunt is broken, unless the 
load is small or the external circuit is open, 
though the voltage may drop so that the 
filaments of incandescent lamps in circuits 
will lose their incandescence. With the cir- 
cuit closed, the series coil will give some 
voltage, though it may be small: In one ex- 
periment quoted by Esson, the voltage with 
the shunt coil alone was r00 and with the 
series coil alone 60. 

What would be a suitable battery for a 6-cP incan- 
descent lamp taking about 2 amperes at 10 volts? 


Are there any other battery lamps than the above, 
and how much current will they take? H.N. L. 


Gordon-Burnham or Edison-Lalande cells 
would be suitable; about 11 cells of the 
. former and 13 of the latter would be required. 
Battery lamps are usually of small candle- 
power on account of the great expense of 
running them from primary batteries. The 
current may be found by multiplying the 
candle-power by the watts per candle-power, 
and dividing by the volts. Taking the 
above instance and assuming 3.1 watts per 
candle-power, we have 6 X 3.1 divided by 10 
= 1.86 amperes—nearly two amperes. Some 
battery lamps are made with an efficiency of 
2.5 watts per candle-power, which, of course, 
reduces the current. 

1°. Can gravity batteries connected in parallel run 
an Edison phonograph? 2°. Whatinjury would re- 
sult if a wire were connected across the terminals 
of a storage battery? 3°. What material should be 
used to stop a leak in a rubber storage battery case? 
4°. What are the proportions of water and sulphuric 
acid for the electrolyte ofa storage cell? C. H.P. 

1°, No, on account of their large internal 
resistance. 2°. If the wire were small, it 
would be melted and no injury result; if 
large and kept in circuit, the plates would be 
apt to buckle and then scale on recharging. 
3°. Melt together 100 parts of sulphur, 2 parts 
of tallow and two parts of resin, until they 
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assume a brownish red color; add enough 
powdered glass to make a paste, heat the 
edges of the crack and apply hot. 4°. One 
part of acid tothree parts of water. 

How can one tell, without running a generator, 
which direction the fields are wound, or is it cus- 
tomary to wind them right-handedly? F.G. F. 

There is no convenient method of ascer- 
taining which way the field is wound when 
the machine is not running, unless you 
know which is the positive brush. In that 
case, find the north pole-piece of the ma- 
chine with a compass and trace the circuit 
from the positive brush to the coil on the 
limb of the north pole-piece; beginning 
where the wire enters that coil the winding 
goes around the core clock-wise, viewed from 
the back end of the core. It makes no dif- 
ference electrically whether a coil is wound 
right or left handed; the magnetizing effect 
is reversed by exchanging the connections 
at the terminals of the coil. 

What is the relation between volts, amperes, watts 
and horse-power ? S. 

Illustrating by the hydraulic analogy, the 
voltage corresponds to a head, and the cur- 
rent (amperage) to the flow per second, of 
water. The héad of water in feet, multi- 
plied by the flowin pounds per second, gives 
the foot-pound-seconds of energy er work in 
the water under the given head; similarly, 
the volts multiplied by the amperes gives the 
amount of energy per second of a current 
under a given voltage. There is no specific 
name for the mechanical foot-pound-second 
unit, but the volt-ampere unit is known as 
the watt. There are 550 foot-pound-seconds 
or mechanical units (33,000 foot-pound- 
minutes) in a horse-power, while there are 
746 volt-amperes or watts to the horse-power. 
It has been proposed to increase the horse- 
power so to as contain 737 of the above 
mechanical units and 1000 watts, or a kilo- 
watt. 

Please inform me what size wire I should use on 
the machine shown in the accompanying sketch. 


Am. lee, 


The bore of the field is 3 ins., and the other di- 
mensions are given in the figure. H. L. H. 

Wind the field coil with No. 25 double cot- 
ton-covered wire, I9 layers deep and each coil 
75 turns long, making 5700 turns of wire in 
all four coils; take care to put the same 
number of turns in each coil (1425). 

Wind the armature with No. 21 double 
cotton-covered wire, 92 turns (or as many 
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more as you can safely put in) per slot; be 
careful to get the same number in every 
slot. Connect the field in shunt to the 
brushes and run the armature at about 2800 
r. p. m. 

The pole-pieces should be bored out 3; 
ins. in diameter, and there must be a clear 
space of % in. from the armature chamber 
to the nearest edge of the magnet limb, as 
indicated in the accompanying sketch. 


Otherwise the armature wire will rub against 
the field coil. The data above given is based 
upon the use of wrought iron magnets; if 
your field frame is cast iron the machine 
will not operate with any degree of satis- 
faction. The corners of the pole-pieces and 
yokes should be rounded off as shown in the 
sketch, in order to reduce the magnetic 
leakage, which at the best is high in minia- 
ture machines. 

The armature slots should be the same 
width top and bottom so as to make the 
ends of the teeth wider and reduce the re- 
luctance. The machine would also be of 
better design if the field magnet cores or 
limbs were made 1% ins. in diameter in- 
stead of 1% ins.; as it is now the iron of the 
armature core is worked at low efficiency. 
Should you change the cores to 1% ins. in 
diameter, you can wind the armature with 
No. 18 wire, 51 or 52 turns per slot, and the 
‘field with No. 24 wire, 16 layers deep, each 
coil 70 turns in length (making 1120 turns 
per coil. ‘The machine wound either way 
will give about 50 volts, but with the large 
cores and winding last given, the sparking 
will be greatly reduced and the capacity of 
the machine nearly doubled. 

Of what use is the resistance ins an arc lamp? 

W. H. W. 

1°. In a series lamp, the resistance is used 
in connection with the cut-out, shunting, 
when the latter is closed, enough current 
into the series coil to strike the arc, and is 
then thrown out of circuit. Without such a 
resistance, when a series lamp is put in cir- 
cuit, the current would pass out directly 
again by way of the cut-out contact, since 
the resistance of the latter is much less than 
the resistance of the other circuit open 
through the series coil, and the arc would 
not be struck. The resistance comes be- 
tween the two ends of the series coil. 
2°. The object of a resistance in a constant 
potential lamp is to steady the current, its 
presence keeping the increase at abnormal 
moments within a fixed limit. Without such 
a resistance, the current when the carbons 
were in contatt would be excessive. The 
amount of this steadying resistance (which 
should not be confounded with that neces- 
sary to bring the voltage of a circuit déwn 
to that of the lamp) is that necessary to pro- 
duce a drop of about ten volts, 


COMBINATION FEED WATER HEATER, PURI- 
FIER, FILTER AND OIL, SEPARATOR. 

As shown in the accompanying engraving, 
exhaust steam enters the heater casing at 
the right, where it strikes the oil separating 
plate, is relieved of its oil, and then passes 
through a large tube to the upper part of 
the case, where the steam meets a spray 
of cold feed-water. The uncondensed por- 
tion of steam is led off through the second 
vertical tube shown, from which it passes 
around either side of the left separating 
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COOKSON HEATER AND PURIFIER. 


plate, where the moisture is separated on 
the same principle as the oil on the plate 
opposite the inlet. The steam then passes 
to the atmosphere. 

On the top of the two vertical tubes is 
placed a pan which prevents the spray of 
water from passing down théir sides. The 
water is admitted at the top of the heater 
from the side and discharges into a receiver 
or spray box. The water overflowing this 
spray box falls through the steam and is 
thoroughly heated. It will be noticed that 
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the current of exhaust steam is such with rela- 
tion to the spray of water, that it is impossi- 
ble to carry water out with it. The water 
spraying from the top of the heater con- 
denses the steam and forms a vacuum, which 
draws the required amount to heat the water. 
The water, after having been thoroughly 
heated in direct contact with the steam, 
passes into the hollow partition dividing the 
two exhaust chambers, where it is further 
heated by having steam constantly on both 
sides of it, the steam entering at the back 
of the partition and discharging at the 
front end into the filter. 

The filter is of large proportion and pre- 
ferably filled with Excelsior shavings. The 
supply of water to the beater is regulated 
automatically by a float, which opens and 
closes the inlet valve to admit the required 
amount of water and thus at all times main- 
tains a uniform water level. The 
float is in a case by itself and thus 
will not scale over. An overflow 
pipe is placed on the inside of the 
upper chamber, which discharges 
into the exhaust chamber and is drain- 
ed through the oil outlet. 

The Cookson feedwater heater, 
purifier, filter and oil separator is 
made by the Bates Machine Company, 
Joliet, 111. 


QUAKER CITY DYNAMO. 


The type of dynamo illustrated in 
the accompanying engraving is built 
from designs embodying the very 
latest knowledge relating to the prin- 
ciples concerned in electrical genera- 
tion, and in their manufacture the 
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ing surface, thusinsuring cool running. The 
shaft is of large diameter, and made of the 
best forged steel. The commutator is of pure 
hardened copper of large radial depth for 
wear, and insulated under pressure. The 
field magnets are wound on standard 
“ forms” of insulating material, insuring 
interchangeability, should occasion require. 
The terminal blocks are of polished slate, 
mounted on the top of machines, into the 
binding posts of which all connections are 
made. 

The above machine is made by the Quaker 
City Electric Company, of Philadelphia. 


RONTGEN RAY APPARATUS. 


The Thomson Röntgen ray transformer 
shown in Fig. 1, is intended for use with al- 
ternating currents, and consists of a low- 
frequency transformer, a high-frequency 


FIG. I.—THOMSON RONTGEN RAY TRANS- 
FORMER. 


transformer and a condenser, all built into a 
substantial wooden box made to contain 
oil, and furnished ina handsome manner. 
The discharge terminals and the spark gap 
are brought up on the outside and at the 
upper portion of the box, the spark gap 
being covered. In constructing the trans- 


formers and condenser, great attention has 


QUAKER CITY DYNAMO. 


best materials and highest grade of work- 
manship are employed. They are of moder- 
ate speed, free of complication, and partic- 
ularly quiet and smooth in running. 

The frame, which comprises the bed-plate, 
bearing pedestals and field magnet cores, is 
one solid, soft steel casting, which, being 
entirely without joints, insures perfect align- 
ment, absolute rigidity, and a perfectly cen- 
tered armature at all times. The bearings 
are of an improved self-oiling type, lined 
with phosphor-bronze bushings of large bear- 


been paid by the makers to insulation. The 
heavy insulation of the coils, together with 
that afforded by the oil with which the box is 
filled, afford assurance on this vital point. 

The only other accessories necessary to 
complete this set of exciting apparatus are a 
small choking coil regulator, by means of 
which any necessary regulation is accom- 
plished; and a small motor, shown in the cut, 
connected with a jet placed immediately in 
the spark gap, by means of which the spark 
is ruptured with rapidity and certainty. 
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The length of the working spark is five 
inches, and with the large quantity and high 
frequency developed, the most elaborate and 
complete examinations of the opaque parts 
of the human body can be made, and even 
the movement of the heart observed, when a 
proper ROntgen ray tube is employed. The 
apparatus is particularly adapted for hospi- 
tals, and for physicians and surgeons who 
can have the use of an alternating current. 
With it the time of exposure for radiographs 
is reduced to a minimum, in the case of 
hands and arms only a few seconds being 
necessary. 

This set cannot be used with batteries or 
on a direct current lighting circuit, except in 
connection with a rotary transformer or 
dynamotor which will convert direct into 
alternating currents. 

In Fig. 2 is shown a Thomson universal 
double focus tube for use with the above or 
any other Rontgen ray apparatus. A valu- 
able feature of this tube is an auxilary tube 
containing a chemical substance by means of 
which the proper degree of vacuum can be 


FIG. 2.—THOMSON DOUBLE-FOCUS RÖNTGEN 
RAY TUBE. 


maintained. It is well known by all who 
have experimented with the production of 
Rontgen rays, that the vacuum in all tubes 
will gradually rise with continued use until 
the air has become so rarefied that the elec- 
trical discharge cannot be passed through it. 
When the tube arrives at this condition it 
becomes useless and, in order to obtain 
further service from it, it has been necessary 
to have it re-exhausted. 

With the adjustable vacuum feature above 
referred to, this re-exhaustion is unnecessary, 


as by the simple application of a little heat 
to the small auxiliary tube, vapor is dis- 
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charged from the chemical substance con- 
tained therein, which, flowing into the large 
tube, brings down the vacuum again to the 


FIG. 3.—RONTGEN RAY FLUOROSCOPE. 


proper point, thus prolonging the life of the 
tube indefinitely. 

The fluoroscope shown in Fig. 3 consists of 
a tapering box, at one end of which is placed 
a screen, 7 ins. X 8 ins, in size, containing 
upon its interior surface crystals of tungstate 
of calcium or other material that will fluor- 
esce under the influence of ROntgen rays. 
At the other end is a flexible opening made 
to fit the upper part of the face of the ob- 
server so that the light will be excluded 
while the apparatus is in use. A handle is 
provided for convenience in holding the 
apparatus. , 

The above described apparatus is made by 
The Edison Decorative & Miniature Lamp 
Department, General Electric Company, 
Harrison, N. J. 


NEW MCGUIRE TRUCK. 


The McGuire Manufacturing Company, 
of Chicago, 


trated in the accompanying cut. This truck, 
as will be seen from the engraving, has 
an arrangement of springs corresponding 
in most respects to a modern passenger 
coach truck; in addition it has interposed 
springs between the axle journal boxes and 
the frame, which take the place of the ordi- 


NEW MCGUIRE TRUCK. 


nary equalizing bars, thereby so improving 
the riding of the car as to equal the best 
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palace cars having twelve wheels instead of 
eight as these cars have. A novel method 
of mounting the truck frame on the elliptic 
springs has been introduced, which, while 
permitting an easy side motion, utilizes part 
of the elastic force of these springs to retain 
the truck frame always in a central position 
in relation to the car wheels. The brakes 
are hung below and independent of the car 
springs, preventing all clattering and kick- 
ing and variation in adjustment due to vary- 
ing loads. The equalizer frame constitutes 
an independent motor or locomotive frame, 
and the manufacturers believe that the truck 
complete is as near a perfect combination of 
a locomotive and passenger coach truck as 
could be imagined. In service, both the lo- 
comotive and passenger coach truck features 
show up plainly, and it is said the results are 
all that could be desired. 


ARC LAMP SPARK ARRESTER. 


The arc lamp spark arrester shown here- 
with is manufactured of perforated sheet 


has during the past year/[ ty 
brought out a new pivotal motor truck, illus- \ 


ARC LAMP SPARK ARRESTER. 


steel, neatly japanned. The body, or main 
part of the device, has Secured toit a rim 


of sheet iron a short distance from the lower 
edge, which rim rests upon the top of the 
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lamp globe. The cone-shaped top is riveted 
to the body of the arrester, thus not only 
making it rigid, but also increasing its use- 
fulness as a safeguard against wandering 
sparks. 

The arrester is made in two parts, fastened 
by hinges at the back, which allows it to be 
opened or closed easily when placing it on 
or removing it from the lamp. It is made 
in three different styles—for wide frame arc 
lamps, for narrow frame arc lamps, and for 
the Western Electric constant-potential arc 
lamps. 

For both the narrow and wide frame arc 
lamps, the total height is ten inches; the 
distance from the top of the arrester to the 
iron rim is nine inches, one inch of the 
arrester extending within the lamp globe. 
The diameter of the base is 73 ins. 

The difference between the arresters for 
wide frame and narrow frame lamps consists 
in the method by which they are fastened 
to the rods of the lamp frame. The illus- 
tration shows the arrester for a narrow frame 
lamp where the frame is of such a dimension 
as to necessitate having the rods within the 
lamp globe. . 

When the arresters are for wide frame 
lamps, the clamps are fastened at the back 
near the hinge, and extend outward instead 
of inward, as shown in the cut. There are 
no small openings or holes cut in the cone 
top, as the rods of the frame do not touch or 
enter the arrester. 

The spark arrester designed for the West- 
ern Electric constant-potential lamp is but 
8% ins. in total height, and the iron rim 
is 4% in. fromthe bottom. The clamps are 
inside, as shown in the illustration. The 
diameter of the base 1s 7% ins. 

The arrester described is manufactured by 
the Western Electric Company, of Chicago 
and New York. 


CLIMAX GAS ENGINE. 


The economy that may be obtained in 
electric lighting from a gas engine isolated 
installation is well exemplified by an ex- 
hibition plant now running at 31 Fulton 
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inspection of the several meters connected, 
which are all in open view. 

The plant consists of a 12.2-1. HP Climax 
gas engine belted to a §-Kw Churchward 
four-pole dynamo, the combination being 
illustrated in the accompanying engraving. 

The engine is of the usual “Otto cycle” 
type, there being one explosion to two revo- 
lutions. The hot tube method of ignition is 
employed. The valve pear is of extreme 
simplicity and exposed to view. It consists 
of a horizontal shaft receiving motion froma 
gear on the engine shaft, and having on it 
three cams; one of these cams works the ex- 


haust valve, another the air valve and the’ 


third a Corliss type of trip gear for operating 
the gas valve. The release of the latter is 
very sharp, and is so timed by an inertia 
governor as to maintain a uniform speed of 
engine. 

The indicator card taken from this engine 
is of unusually smooth appearance for a gas- 
engine card. The exhaust of the engine is 
remarkably uniform, as indicated not only 
by the ear, but by inspection of the vibra- 
tions of the needle of a voltmeter. The 
manufacturers ascribe the smooth and uni- 
form working of the engine to the proper 
proportioning of passages and valves and 
the design of valve gear, whereby perfect 
combustion and absolute regularity of igni- 
tion are obtained. 

A gas meter by the engine and an am- 
meter and voltmeter on a switchboard near 
by, enable the visitor to make his own calcu- 
lations as to efficiency, and the readings of 
the latter instrument may be checked by 
means of a bank of 354-watt ‘‘ Imperial ” in- 
candescent lamps, on the premises. 

During a visit by the writer, the gas meter 
showed a regular consumption of gas at the 
rate of 180 cu. ft. per hour. During the 
same time the voltmeter read 110 and the 
ammeter 35, giving an electrical output of 
3850 watts; 71 16-cP lamps were in circuit,thus 
showing 54 watts per lamp. At $1 per thou- 
sand cubic feet of gas, the cost of gas per 
lamp is almost exactly cent per lamp 
hour, or one fourth the usual central station 
charge. Another comparison may be made 


CLIMAX GAS 


Street, Brooklyn. In this case, too, the vis- 
itor is accorded the unusual privilege of de- 
termining for himself the necessary data by 


ENGINE. 


with the cost of burning the gas direct from 
jets. The 180 cu. ft. would thus supply 36 
five-foot, 16-CP gas jets, so that twice as much 


[VoL. VIII. No. 6. 


light is given by transforming the energy of 
the gas into electricity as if the gas were 
burned direct from jets. 

The above plant is being exhibited at the 
warerooms of the Climax Gas Engine Com- 
pany, 31 Fulton Street, Brooklyn. 


STEAM AND OII, SEPARATOR. 


The Bundy separator illustrated in the ac- 
companying cut consists of a nest of a num- 
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BUNDY STEAM AND OII, SEPARATOR. 


ber of upright baffle plates placed directly 
in the steam passage way and at right angles 
to it, and having a receiver underneath. In 
operation advantage is taken of the natural 
tendency of water and oil tocling to any 
obstructing surface. 

The steam strikes the flat front of each 
upright baffle, which have a series of reced- 
ing hollows, sloping downward and termin 
ating in a small hole leading to the main 
artery or channel for the safe conduct of the 
water or oil to the receiver. 

Immediately back of the space in front of 
the baffle plate comes the upright of the 
second plate, and so on through all of them. 
The plates are set staggered to each other, 
with, however, plenty of area for the steam 
to pass through to the engine. The main 
advantage claimed by the makers of the 
Bundy separator is that when once separated 
from the steam, there is no possible chance for 
the water or oil to be again picked up by the 
steam. The water and oil are immediately 
conveyed to the enclosed passage way, 
through which they flow downward into the 
receiver. The baffle plates do not in any 
way diminish the pressure of the steam nor 
cause any wire-drawing. 

This separator is made by the A. A. Grif- 
fing Iron Company, 66 Centre Street, New 
York. 
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MORSE-FAIRBANKS GAS AND GASOLINE 
ENGINE. 


Fairbanks, Morse & Company, of Chicago, 
who are well known as manufacturers of gas 
and gasoline engines, have developed a 
special design of engine adapted for direct 
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The engines are built to operate with gas 
or gasoline. When gasoline is used for fuel, 
the supply tank is located outside of the 
building and underground. The oil is sup- 
plied to the engine by means of a small 
pump operated by the engine. Only a small 


MORSE-FAIRBANKS GAS AND GASOLINE ENGINE. 


belting to dynamos, and are now placing on 
the market a single cylinder type, illustra- 
ted in the accompanying cut, working on 
the four-cycle principle, which satisfactorily 
drives a dynamo with the minimum amount 
of variation in voltage necessary to produce 
a commercially satisfactory light. 

The variation in revolutions is claimed to 
be less than one per cent. As the engine 
is not of excessive high speed, it is not of 
short life, which has been the case with other 
engines designed for this purpose. It is 
built exceptionally heavy, being fitted with 
an extra shaft, larger bearings; in fact, added 
to at all points necessary to make it long 
lived and amply strong so that it will not be 
subjected to excessive wear or liable to break- 
downs, which with some engines have been 
such a prolific source of annoyance. 

The engine does not differ materially in 
its mechanical movements from the standard 
engines of the same manufacturers; it is, 
however, fitted with a more sensitive gov- 
ernor, which is attached to the flywheel in 
the same manner as the governor of the 
standard type, and the admission of gas or 
gasoline is similarly controlled. Sight feed 
oilers are used on all running parts with oil 
shields to protect the throwing of oil. 

The engine is self contained on a one-piece 
base, so that it does not require an extensive 
foundation, and is especially balanced so 
that there is no jar or jerk as has been so 
common in some other types of gas engines. 
It is provided with a patent self-starting de- 
vice which enables one man to start engines 
ranging from 2 to 100 HP without other as- 
sistance. The engines are furnished with 
electric or hot tube igniters, or both if desired. 


quantity of oil is retained in the engine, the 
surplus being returned by gravity to the 
supply tank outside of the building. The 
gasoline does not at any time come in contact 
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Gasoline is perhaps the cheapest fuel with 
which to operate the gas engine, except in 
locations where natural gas is accessible. In 
this case, natural gas at fifty cents per thou- 
sand cubic feet would be equal to gasoline at 
ten cents per gallon. The cost of an hourly 
electric horse power would be less than one 
cent on either of the above mentioned fuels. 

Fairbanks, Morse & Company, have given 
special attention to engines for driving dyna- 
mos, from 20 HP upward, and have installed 
in the past year several plants of over 20 HP. 


ELECTRIC ENGINE STOP. 


The electric engine stop illustrated here- 
with consists of three essential parts: A 
steam cylinder for raising the governor 
balls, a valve for admitting steam to this 
cylinder and an electromagnet for releasing 
the valve. The valve admitting steam to 
operate the mechanism is normally held 
closed by a lever resting upon the armature 
of the electromagnet. When it is desired 
to stop the engine which the device con- 
trols, an electrical circuit is closed by press- 
ing a button, when the resultant movement 
of the armature releases the lever; this in 


- turn releases the valve, allowing the steam to 


pass into the cylinder and to force the pis- 
ton upwards. In the upward motion a 
clamp attached to the side rod is engaged, 
thus raising the governor balls to their high- 
est position and preventing the grab hooks 
from opening the main valves. There is 
also a speed limit attachment on the gov- 
ernor, consisting of two adjustable points 
so placed that when the speed of the 
engine either increases above,.or diminishes 
below, a desired point, the circuit is closed 
and the engine is stopped. The electrical 
circuit can be extended so as to cover every 
part of the workshop served by the engine, 


CORLISS ENGINE FITTED WITH SPRINGFIELD ELECTRIC STOP. 


with the atmosphere, but is kept confined 
until it is admitted to the cylinder, making 
it impossible to meet with an accident 
which would result in an explosion outside 
of the engine. 


and the number of stop buttons that may be 
installed is unlimited. 

This stop is manufactured by the Spring- 
field Engine Stop Company, 291 Main Street, 
Springfield, Mass. 
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STREET RAILWAY AIR BRAKES. 


In Fig. 1 we illustrate the latest type of 
gearless electric motor-compressor, made by 
the Standard Air-Brake Company. This 
company, which from the start has been the 
leader in street railway air-braking, long 
since discarded open type compressors, hav- 
ing found that for lasting service under 
street cars, with the severe conditions 
existing, it was preferable to have all 
exposed parts of the air-brake encased. 
Particular attention, therefore, has been 
paid to this feature, in order that the vari- 
ous parts might be dust and water-proof. 
It will be noticed that the machine is iron 
clad, and that there is no chance for dirt or 
water to accumulate. It is furnished in 
capacities ranging from ¥% to 2 HP. All 
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- FIG. I.—INDEPENDENT MOTOR COMPRESSOR. 


moving parts work in oil. A very important 
feature is the small space the machine occu- 
pies. The dimensions of the 1-HP type do 
not exceed 12 ins. high X 15 ins. wide X 
28 ins. long. Thus ıt is possible to install 
the outfit under an ordinary car seat, instead 
of having to mount it on the platform, 
where, at times, it might be in the way. 
The running of this motor-compressor for 
thirty seconds will compress enough air to 
suffice for a half dozen stops. It will be 
seen from this that the motor-compressor is 
idle most of the time, thus securing long 
life of the apparatus. The vibration is taken 
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FIG. 2.—CONTROLLING APPARATUS. 


up by cushions which prevents transmission 
of noise to the car; the motor-compressor 
runs very quietly, the noise being scarcely 
perceptible. The compactness of this appar- 
atus makes it practicable to suspend it under 
the floor of the car, in case it should not be 
desirable to put it on the platform or under 
a car seat. It can safely travel in such 
exposed position, without suffering injury or 
becoming inoperative, a feature, the manu- 
facturers state, which is found only in the 
‘‘Standard’’ apparatus. Oiling is necessary 
only at infrequent intervals. All parts are 
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made to gauge, and replacements, should 
such become necessary, may be easily and 
economically effected. The “Standard ” 
motor-compressor differs from other types 
in that it is direct coupled, thus avoiding 
expensive gear replacements. Its greatest 
advantage, however, is the entire avoidance 
of the noise and rattle inseparable from the 
use of gears in such small machines. 

Realizing the undesirability of relying 
upon motormen to throw on and off the 
current for operating air-brake motor-com- 
pressors, the company has for some time gone 
very carefully into the building of automatic 
controlling apparatus which would relieve 
motormen from all such responsibility. The 
result of its labors is shown in the device 
illustrated in Fig. 2. This automatic con- 
trolling apparatus, which has been patented 
here and abroad, is the first of its kind in 
the field. It has been designed to meet 
every contingency, in order that there may 
not, at any time, be anything to interfere 
with its rapid and reliable operation. The 
special features claimed are as follows: 

Perfect automatic action in starting and 
stopping, the motor starting as easily as if 
operated by hand. Resistance automatically 
placed in circuit with the motor when cur- 
rent is interrupted. The speed ‘of motor is 
never excessive. When pressure in the 
reservoir is released (when otherwise ordi- 
narily the motor would ‘‘run away”), re- 
sistance is automatically placed in circuit 
and controls speed; conversely, when the 
motor-compressor is started with the reser- 
voirs empty, resistance is gradually removed 
from the circuit as pressure increases. 
When current is interrupted by opening of 
the circuit-breakers, resistance is immedi- 
ately introduced into the motor circuit; the 
same action occurs if the trolley flies off or 
the motorman removes the trolley on chang- 
ing from one end of car to the other. 

This type, which is now on the market, 
makes it possible to 
equip any electric car, 
train or locomotive, 
no matter whether there 
is any free axle space 
available or not. Where, 
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axle 
alongside of the motors, of from 6 ins. up- 


however, there is a free 


space 
wards, the company furnishes its well 
known types of single and double-acting 
compressors (driven either directly or indi- 
rectly from the car axle), of which hundreds 
are in successful operation here and abroad. 

A unique feature of its system is the inter- 
locking controlling handle, shown in Fig. 3. 
By using this handle, when motormen shift 
from one end of car to the other, a mistake 
becomes utterly impossible. The handle 
must be inserted in one particular place and 
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can only be withdrawn from that place. 
When inserted, it makes the air-brake oper- 
ative from that end of the car. When with- 
drawn, it securely locks the controlling 
valve at that end, leaving the other end 
locked until again opened by the insertion 
of the handle. 

It will be observed that the pressure 
gauge is mounted on top of the controlling 
apparatus, where the dial must be constantly 
be seen. It is not possible for motormen to 
be ignorant of the air pressure available. 
The pressure vane is not double-headed, but 
is made in such shape as to make readings 
absolutely certain. 


HIGH AND LOW WATER ALARM. 

The parts of the alarm illustrated in the 
accompanying cut, consist of a float attached 
to a lever, on the end of which is a contact 
make-and-break bar having two contact 


HIGH AND LOW WATER ALARM. 


screws. This bar is suspended on a hanger, 
on the lower side of which are two adjusta- 
ble contact screws and two contact pins ex- 
tending through the casing. 

The operation is as follows: When the 
water in the boiler falls, one of the contact 
screws is brought in electrical contact with 
one of the pins, completing the circuit and 
causiug a gong to sound. In the event of 
the water rising above the normal, the action 


FIG. 3. CONTROLLING HANDLE. 


is reversed and another gong sounded. When 
the water is at the proper level all contacts 
are broken. All the contact points are made 
of platinum, which is not corroded by steam. 

Only one hole is necessary in the boiler to 
attach the alarm. Any number of signals 
may be connected in the circuit; for instance, 
the engine and boiler room or the manager’s 
office may each contain gongs. Test buttons 
may be used to test the circuit when desired. 

F. & F. H. Engelhardt, Springfield, Mass., 
are the inventors of the above described 
alarm. 
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BARNARD WATER-COOLING TOWER. 

The successful installation of several Bar- 
nard water-cooling towers, illustrated in the 
accompanying engraving, under widely dif- 
ferent conditions of use and in different lo- 
calities, seems to offer evidence that these 
towers will enable a good condenser to 
maintain a degree of vacuum fully equal to 
that obtained by using water from natural 
sources; consequently, all steam power plants 
may be operated condensing. An electric 
station recently equipped with this apparatus 
is the Twelfth Street station of the Edison 


H ss mag mes à 1 


N a $ 
i K `i ind 
RHET " i TA 


| 


WATER PIPE FROM COOLING TOWER 


WATER PIPE TO COOLING TOWER = 


BASEMENT FLOOR 


COMBINED AIR a CIRCULATING PUMPS ias 


A 


WATER COOLING TOWER. 


Electric Illuminating Company, of New 
York. The condensing apparatus includes 
a Wheeler standard surface condenser, 
mounted upon the air and circulating pumps 
placed in the basement, and a Barnard water- 
cooling tower located on the roof, which is 
some seventy feet above the condenser. The 
up discharge pipe from the top of the con- 
denser conveys the hot water to the top of 
the tower, and the pipe from the bottom of 
the tower conducts the cooled water down 
to and through the circulating pump and 
condenser to the up pipe. This water is 
kept in continuous circulation through the 
channels above described, and is sufficiently 
cooled in its transit through the tower to 
enable the condenser to easily maintain 
twenty-five inches vacuum. 

On Apr. 2, 1896, a continuous six-hour 
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test of a De Laval steam turbine was 
made, with an average load of 1402 amperes. 
Throughout the test the vacuum gauge 
ranged from 25 ins. to 26 ins., averaging 25.6 
ins.; and on Sept. 2a full load was carried 
for five hours, with an average load of 3628 
amperes (about 732 I. HP), the vacuum 
averaging over 25 ins. It will also be of in- 
terest to state that the exhaust steam aver- 
aged 13,535 lbs. per hour, and that the losses 
by evaporation, etc., were only three per 
cent. of the circulating water, and did not 
exceed eight per cent. of the boiler feed- 
water when the engines were working con- 
densing. 

The Barnard cooling towers are continu- 
ously efficient, as they are subjected to no 
wear or oxidation, the superficial surfaces 
being steel wire cloth (galvanized after weav- 
ing), made in mats and suspended in a 
vertical position, properly placed. The hot 
water from the condenser is evenly subdi- 
vided and distributed over the upper edges of 
the mats, uniformly flowing over and through 
them, thus compelling every square foot 
of the mats to do a proportionate amount of 
work. The space occupied by the tower is 
small, and the power required to operate is 
estimated at from two per cent. to possibly 
five per cent. of that of the main engines, ac- 
cordingto conditions. 

The Barnard water-tower, including its 
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of the body on each side, so that whichever 
way a car may be running two entrances are 
always available on the safe side for passen- 
gers to enter or leave it. Entrances to each 
end of the car, protected by sliding doors, 
open from the vestibule, and four commodi- 
ous stairways lead to the upper deck. These 
stairways, two on each side, are in the inside 
of the car, in the center vestibule, and are 
perfectly protected, thus making them not 
only comfortable and convenient, but safe 
means for reaching and leaving the upper 
deck, and especially suitable for ladies and 
children. 

As will be seen from the illustration, load- 
ing and unloading through the central door- 
ways can be done in about half the time 
it takes to load or unload a car with end en- 
trances, as passengers have only to go half 
the length in order to get out, and the same 
on entering. 

As thése cars carry double the load of an 
ordinary car, they will be especially valuable 
for large cities, where track space in the 
streets is crowded, as each car will do the 
work of two ordinary cars, while occupying 
only half the length of rail space. 

This new car gives an opportunity to street 
railway managers to popularize their service, 
for its adoption, aside from other advan- 
tages, would undoubtedly be highly appreci-. 
ated by the public on account of the double- 


DOUBLE-DECKED VESTIBULE CAR. 


air and circulating pumps, is made by the 
Wheeler Condenser & Engineering Com- 
pany, 39 Cortlandt Street, New York. 


DOUBLE-DECKED STREET CAR. 


Mr. Charles F. Pullman, recently of the 
Pullman Palace Car Company, has designed 
a new form of street railway car, shown in 
the accompanying illustration, which con- 
tains a number of new and interesting feat- 
ures. As will be seen, the car is double- 
decked, and of the center vestibule type. 
The body has a steel structure, and the same 
material is employed in the roof, floor and 
sides, giving a lighter and stronger car, less- 
ening the cost, reducing the height, and so 
lowering the floor of the car that there is 
only a single step in entering and leaving. 

There is a double entrance in the middle 


deck feature, which all visitors to Europe so 
highly commend—a seat ‘‘a Pimpériale ” 
being there the choice of most passengers. 


AUTOMATIC CIRCUIT BREAKERS FOR CARS. 


To avoid the delay necessitated in replac- 
ing fuses, the General Electric Company has 
designed an arrangement whereby the main 
motor switch is made an automatic circuit 
breaker instantaneously operating and easily 
reset. The ‘‘M’”’ circuit breaker, as the 
device is called, in appearance resembles the 
main motor switch and in every way 
answers the purpose of one. It is intended 
to be placed in the same position under the 
car hood. The handle is so arranged that 
the breaker may be opened and closed by 
hand in the same way asthe standard main 
motor switch. The device is provided with 
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a magnetic blow-out and can thus break the 
severest short circuits without injury to it- 
self. It opens the circuit instantaneously, 
and the ability to close the circuit immedi- 
ately after it has opened, thereby avoiding 
delay tothe car, will be at once appreciated. 

The circuit breaker is so constructed that 
an automatic counter may, when desired, be 
introduced into it, in such manner as to 
preclude any tampering with it by the 
motorman. This registers every time the 
circuit breaker opens automatically, and 
affords an excellent method of detecting 
the improper handling of the cars. It gives 
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AUTOMATIC CIRCUIT BREAKER FOR CARS. 


to the inspector a means of discovering those 
motormen who have turned on the current 
too suddenly, calling for an excessive 
amount of current. 

The circuit breaker is adjustable. By a 
simple movement of the calibrating spring, 
the breaker may be adjusted to open at any 
predetermined amount of current within a 
certain range. The device is manufactured 
for 75-150 amperes and 150-250 amperes, the 
first figure representing the lowest tripping 
point, the second the maximum carrying 
capacity for steady loads. The adjustment 
may, however, be made to break the circuit 
at currents considerably higher than the 
maximum carrying capacity. By the use 
of this device, considerable injury may be 
spared motors and other car apparatus, to 
which, with fuses, they are subject on ac- 
count of the interval of time between the 
commencement of a heavy cnrrent, and the 
melting of the fuse. 


EDISON X-RAY APPARATUS. 


We learn that the Edison Manufacturing 
Company is placing on the market a full 
line of X-ray apparatus, which has been 
perfected under Mr. Edison's personal 
supervision. It will handle a range of out- 
fits operated by battery power, and also the 
special instantaneous air-brake-wheel appa- 
ratus to run on the 120-volt direct current, 
which Mr. Edison exhibited at the recent 
Electrical Exposition, in New York, and to 
which considerable improvements have been 
added. 

Up tothe present time, no Edison X-ray 
apparatus has been placed on the market, 
as it was Mr. Edison’s wish to bring this 
apparatus to a high degree of perfection 
before placing it before the public. The 
Edison laboratory has at present a staff of 
men employed exclusively in making Edison 
X-ray focus tubes, under the personal 
direction of Mr. Edison. 
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Mr. M. M. Wood, of Chicago, has accepted a posi- 
tion with the Ohio Brass Company, of Mansfield, O., 
as electrical engineer. 


Mr. T. P. Grover, superintendent of the Milwau- 
kee & Wauwatosa Electric Company, has been ap- 
pointed general manager of the Fond du Lac 
( Wis.) Electric Light & Power Company, and as- 
sumed his new duties on Oct. 1. Š 


Mr. Thos. A. Hurley, of Holmes, Booth & Hay- 
den, will sail Oct. 17, for Europe, where he will re- 
main some months in order to recuperate his 
health. Mr. Hurley will carry with him the hearty 
wishes of an unusually extended circle of friends 
who hope for a rapid recovery of his health. 


Mr. E. J. Wessels, general manager of the Stan- 
dard Air-Brake Company, is confident that the day 
is near when the use of air-brakes on electric cars 
will be as universal as on steam passenger cars. To 
his persistent energy in bringing and keeping the 
subject before electric railway people, not only in 
this country but abroad, is due the notable head- 
way already made in this direction. The readers 
of the advertisements of the Standard Air-Brake 
Company wit! not be surprised to learn that Prin- 
ter’s Ink ranks Mr. Wessels among the most tal- 
ented writers of advertising literature in the United 
States. 


Mr. Wm. C. Camp, has purchased an interest 
in the Metropolitan Electric Company, of Chicago, 
and is now its vice-president and treasurer. 
Mr. Camp is one of Chicago’s enterprising young 
business men of marked ability and considerable 
experience. In addition to his interest in the Met- 
ropolitan company he is also one of the principal 
owners of the firm of Estey & Camp, the wel- 
known musical instrument manufacturers and deal- 
ers, and has been for some time its secretary and 
treasurer. Mr. Camp will retain his interest in that 
firm, but will devote his active energies to pushing 
the business of the Metropolitan company. Asa 
successful composer of ballads Mr. Camp has also 
won considerable fame in the musical world. ‘ To 
Her” and others being among those of recent date. 


Mr. James Rich Steers, was married Oct. 7, at 
“Clover Nook,” Scarsdale, N. Y., to Miss Mary 
Dolores Beales, daughter of Mrs. James A. G. 
Beales, and grand-daughter of the late Eugene 
Kelly. Mr. Steers has been connected with the 
electrical business for some years, starting with 
the Interior Conduit & Insulation Company, of 
New York, and is now the partner of Mr. A. K. 
Warren, of electrical repair fame, trading under 
the old name of “A. K. Warren & Company.” 
Mr. Steers has also the distinction of being a 
nephew of Mr. James Steers, the builder of the 
celebrated racing yacht “ America.” He is a gradu- 
ate of Columbia College and a sportsman of no 
small degree, and all will wish him success on his 
venture as a Benedict. 


NEW BOOKS. 


RÖNTGEN RAYS AND PHENOMENA OF THE ANODE 
AND CATHODE. By Edward P. Thompson and 
Prof. William A. Anthony. New York: D. Van 
Nostrand Company. 190 pages, 105 illustrations. 
Price $1.50. 

In 210 numbered paragraphs this book contain 
a vast amount of information concerning Röntgen 
rays and allied phenomena. The text consists prin- 
cipally of extracts from scientific and professional 
journals,both American and foreign. Ina final chap- 
ter, Prof. W. A. Anthony gives a concise résumé 
concerning the general principles of radiant energy, 
and examinesthe hypotheses offered concerning 
Röntgen rays. 


WHAT IS ELECTRICITY? By John Trowbridge. New 
York: D. Appleton and Company. 315 pages, 53 
illustrations. Price $1.50. 

While the answer given by Dr. Trowbridge to the 
question appearing on the title page of this volume 
—an answer occupying but ten lines in a volume of 
315 pages—is far from being definite—in fact, could 
not be otherwise—yet to the reader who desires to 
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become acquainted with the modern views concern- 
ing electricity, this book will be found one of ab- 
sorbing interest. The book is written for popular 
reading (being one of the International Scientific 
Series) and contains the first treatment in a popular 
manner of Maxwell’s great generalization, the elec- 
tromagnetic theory of light. 


PHYSICAL UNITS. By Magnus MacLean. New 
York: D. Van Nostrand Company. 147 pages, 
6 illustrations. Price, $1.25. 

The greater part of this useful little book is de- 
voted toa discussion of physical units and the rela- 
tions between them. Dimensional formulas are 
given in all cases, and their deduction explained. 
The more useful physical constants and relations 
are given in alphabetical order, following which is 
an appendix on the practical electrical units and 
their determination. The final pages contain 32 
tables of physical constants, including tables of 
specific inductive capacity, conductivity and re- 
sistivity of copper, resistivities of various substances 
electro-chemical equivalents, etc. 


THE DYNAMO:—How Made and How Used. By S. 
R. Bottone. London: Swan Sonnenschein & 
Company, Lim. 116 pages, 77 illustrations. Price, 
$1.00. 

That this little book has entered into a ninth edi- 
tion is evidence that it has been appreciated by 
readers. The contents originally appeared in the 
pages of the English Mechanic, and are intended to 
meet the demands of amateurs desiring to con- 
struct small dynamos. The latest edition contains 
a number of new sections treating more particu- 
larly of the errors into which the amateur is apt to 
fall. The constructions described are decidedly 
amateurish, but those who are not ambitious as 
to the mechanical appearance of their work, may 
find in this volume what guidance they need in the 
construction of simple though crude machines. 


A PRACTICAL HANDBOOK ON THE CARE AND MAN- 
AGEMENT OF GAS ENGINES. By G. Lieckfield. 
Translated by G. Richmond. With instructions 
for running oil engines. N w York: Spon & 
Chamberlain. 103 pages, 14 illustrations. Price, 
75 cents. 

The scope of this little volume is indicated by the 
translator who states that ‘‘In the limits allowed it 
it has only been possible to refer to the Otto gas en- 
gine and the Hornsby-Akroyd oil engine.” The 
first chapter is devoted tothe features to be observed 
in selecting and installing a gas engine, and the 
second chapter to a consideration of brakes and 
brake trials. Chapters III. and IV. give instructions 
for the running and correction of defects, the latter 
subject being treated under 19 heads. Chapter V. is 
on dangers and precautionary measures in handling 
gas engines, and the final chapter deals with gaso- 
line and oil engines, 


THE MAGNETIC CIRCUIT IN THEORY AND PRAC- 
TICE. By H. DuBois. Translated from the 
German by E. Atkinson. New York: Longmans, 
Green & Company. 362 pages, 94 illustrations. 
Price, $4.00. 


This thorough treatise on the magnetic circuit is 
divided into two parts, of which the first treats of 
theory and the second, comprising about two-thirds 
of the contents, of applications. In the second part 
there are taken up in turn, the general properties 
of magnetic circuits, analogy of the magnetic and 
electrical circuits, the magnetic circuit of dynamos 
and motors and various kinds of electromagnets 
and transformers, and the determination of mag- 
netic flux and induction. The work does not pro- 
fess to be a practical manual, but is nevertheless 
valuable as a treatise in which are developed, in a 
logical and thorough manner, all of the principles 
which apply in practical work. A valuable feature 
is the many foot notes pointing out where further 
information may be obtained. 


THE ELEMENTS OF Puysics. A College Text-book. 
By Edward L. Nichols and William I. Frank- 
lin. Vol. II. Electricity and Magnetism. New 
York: The Macmillan Company. 272 pages, 228 
illustrations. Price, $1.50. 

This, the second of three volumes on the elements 
of physics, has for its subject electricity and mag- 
netism. The book is written primarily for a college 
text-book, and while full use is made of the calculus 
no demand is made on the reader beyond that sup- 
plied by the ordinary elementary college mathe- 
matical courses. The first chapter is a mathemati- 
cal introduction, and following are chapters on 
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magnetism, current, resistance, E.M. F.,condensers, 
and batteries. Chapter VI. is on measurement, and 
electrostatics is then treated in four chapters. The 
remaining chapters treat of magnetism in iron, in- 
duced E. M. F., thermo-electricity, some practical 
applications of electricity, units, the electromag- 
netic theory of light, and the mechanical concep- 
tions of electricity and magnetism. 


TRADE PUBLICATIONS. 


Dynamos for Isolated Lighting. The latest cir- 
cular of the Walker Company is devoted to dyna- 
mos for isolated lighting, and contains a descrip- 
tion in detail of the Walker type. All of the various 
details are illustrated, including armature winding, 
brush holder, etc. 


Dynamo Brushes. Younglove & Gere, manufac- 
turers of ventilated dynamo brushes, of 312 East 
Genesee Street, Syracuse, N. Y., have issued an 
eight-page descriptive circular, embodying their 
price list. Copies will be forwarded on receipt of 
name and address, 


Dynamos aad flotors. The Eddy Electric Manu- 
facturing Company, has now in press a catalogue 
discribing and illustrating the various types of ap- 
paratus manufactured by it. The pamphlet, which 
will be a fine specimen of catalogue work, may be 
obtained by any of our readers upon application, 
which may be made at once. 


Gas and Gasoline Engines. Fairbanks, Morse & 
Company, Beloit, Wis., have issued a well illustrated 
and printed catalogue of their gas and gasoline en- 
gines, which have now been before the public for 
sixteen years. The half-tone illustrations are ad- 
mirable, and the descriptions are clear, full and to 
the point. 


Storage Batteries. The Willard Electric & Bat- 
tery Company, Cleveland, O, has issued a well il- 
lustrated and handsomely executed catalogue of the 
Willard storage battery. The battery is described 
and illustrated in detail by woodcut engravings, 
and in the final pages of the catalogue concise and 
practical directions, accompanied by diagrams, are 
given for the operation of a storage battery plant. 


Elevators. Morse, Williams & Company, Frank- 
ford Avenue, Philadelphia, have issued an album of 
‘Elevator Etchings,” comprising 40 etchings 
printed on plate paper 9% ins. X 13 ins. in size, and 
bound in artisticcovers. A descriptive table of con- 
tents forms part of the publication. Among the ele- 
vators illustrated are a number rnn by electric 
motors. ; 


Electrical Supplies. C. M. Turnquist, 214 South 
Clark Street, Chicago, Ill., in a new catalogue de- 
scribes and illustrates a long list of electrical house 
and other supplies. Those interested in storage 
batteries will find in its pages some useful practical 
information concerning their selection and manage- 
ment. Among the batteries illustrated is a new 
form of plunge battery, the “Monarch.” which is 
especially applicable to the operation of induction 
coils. ° 


Electrical Supplies. The new catalogue of the 
Ziegler Electric Company, 141 Franklin Street, Bos- 
ton, which contains no less than 198 large octavo 
pages, is one of the handsomest trade publications 
of the year. The fine quality of paper used brings 
out well the illustrations, of which there are almost 
five hundred. A great part of the catalogue is 
devoted to electric light supplies and apparatus, but 
house goods, measuring instruments, telegraph ap- 
paratus, etc., are also well represented, 


Long Burning Arc Lamps. Ina pamphlet with 
this title, the General Electric Company presents 
illustrations and descriptions of its new 100 and 
150-hour arc lamps for use on direct-current incan- 
descent circuits. Among the lamps shown is a 
marine type adapted for ship use, both in the hold 
and on deck. A calculation is given showing that 
with 100 lampsa saving of $804 per year may be 
niade by replacing the ordinary arc lamp with the 
new 1so-hour type, 


Tools of Precision. In a catalogue and price list 
of machinists’ tools, J. T. Slocomb & Company, 235 
Eddy Street, Providence, R. I., illustrate a line of 
micrometer and other tools of precision for the 
workshop. The descriptions are extremely full, and 
together with the accompanying detail illustrations, 
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may be said to form a technical treatise on the sub- 
ject. This character is borne out by sections on 
“ How to Keep a Micrometer in Order,” "To Read a 
Micrometer,” and several others. 


Gas Engines. The Westinghouse Machine Com- 
pany, Pittsburgh, Pa., in a handsome catalogue de- 
scribes and illustrates the new Westinghouse gas 


- engine. The excellent half-tone illustrations show 


the engine to be of the vertical type, resembling 
somewhat in appearance the steam engine of the 
same company, and marking a radical departure 
from the usual design of gas engine. The final 
pages of the catalogue contain finely executed illus- 
trations of the several types of the Westinghouse 
steam engine. 


Institute for Home Study. The new descriptive 
catalogue of the Institute for Home Study of Engin- 
eering contains 72 large octavo pages, in which the 
various courses which it teaches by mail are des- 
cribed in detail. A mechanical drawing of a con- 
necting rod complete and an eccentric rod and strap 
printed on a large folding plate, is included. The 
prospectus of the electrical engineering course oc- 
cupies no less than 12 pages, and the specimen elec- 
trical papers printed indicate that this branch is 
both thoroughly and practically taught. 


Water in Cylinders. A little water in the cylin- 
der seems like a trifling matter, and it is only when 
the volume increases to such an extent that the 
safety of the engine is threatened, that much atten- 
tion is usually given the subject. It has been the 
experience of Hine & Robertson Company, 87 Cort- 
landt Street, New York, that the value of their Hine 
eliminator does not lie so much in the protection 
afforded, but from the fact that it dries the steam so 
thoroughly that lubrication may be effected with 
less oil, and longer life to the valves, seats, and cyl- 
inder walls is assured. They thoroughly treat on 
this subject in a little book which is sent on applica- 
tion. 


Rontgen Ray Apparatus. A catalogue on “‘ Rönt- 
gen Ray Apparatus” just issued by the Edison Dec- 
orative & Méniature Lamp Department of the 
General Electric Company, Harrison, N J., is per- 
haps the most practical contribution yet made to 
the subject of Röntgen rays. The 37 pages of 
matter contained in the pamphlet, together with 
the accompanying illustratious, will give a much 
betteridea of the practical generation and utiliza- 
tion of the new form of radiation, than has, in most 
cases, been possible from reading the periodical 
literature on the subject, though even if it had been 
followed from the first announcement of Röntgen’s 
discovery, to date. 


Circuit Breakers and Switches. The Cutter 
Electrical & Manufacturing Company, 1112 Sansom 
Street, Philadelphia, has issueda new edition of it 
Circuit Breaker Catalogue, complete and accurate 
as to price and data to Oct. 1. This edition, which 
is known as the “ EĘogineers' Edition” is made of 
a size which can be conveniently carried in the 
pocket, and is handsomely printed in two colors 
and artistically bound. In addition to the general 
information as to finish, price lists, rating and ad- 
justment, there are cuts illustrating sections of the 
“I. T.E.” circuit breaker, and templates showing 
location of holes in face of base for the various sizes, 
diagrams of connections, etc., etc. This should be 
a welcome addition to the literature on this subject 
and will undoubtedly be received with great favor by 
electricians for whom it is especially intended. A 
few pages are devoted to the important details of 
the well known C-S switch, so that the possessor of 
this catalogue hasat hand for immediate reference 
a concise description of the output of the Cutter 
Company’s factory, well known, as it is, for produc- 
ing work which is electrically and mechanically of 
the highest standard of excellence. This catalogue 
will be sent to our readers on application. 


BUSINESS NEWS. 


J. N. Bates & Company, Congress Street, Boston, 
Mass., has placed upon the market a new multi- 
polar generator. 


Arthur A. Brigham, 186 Devonshire Street, Bos- 
ton, Mass., sole agent for the sale of the Kenyon 
cotton rope, is equipping several large drives 
throughout New England, and alsoin the South. 
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The Eddy Electric Manufacturing Company, 
Windsor, Conn., has been, and is, running full time. 
In fact, it is in receipt of orders, the filling of which 
will occupy the remaining months of the year. 


The Ball Engine Company, Erie, Pa., has re. 
ceived some large orders for engines during the past 
week ortwo, both for foreign and domestic use, and 
the works will be kept running overtime with full 
force for mouths to come. 


Chas. J. Bogue, 206 Centre Street, New York, has 
been very busy on armature and are lamp work. 
A large stock of carbon holders for the different arc 
lighting systems has been also made up, thus en- 
abling orders to be filled promptly in the future. 


The Monash-Younker Company, of Chicago, has 
opened a branch office at 96 Centre Street, New 
York, for the sale of its steam specialties, of which 
a complete line will be carried in stock. IL. P. 
Monash is manager of the office. 


The Storey Motor & Tool Company, of Philadel- 
phia, has moved its main office and factory to 
214-226 Carter Street (below Chestnut Street), where 
with greatly increased facilities, made necessary by 
the rapid growth of its business, it will be able to 
promptly execute orders of any size. 


The Springfield Asbestos Company, 275 Main 
Street, Springfield, Mass., is busy filling several 
large orders for its asbestos air cell, sectional cover- 
ing. Wherever this covering has been used, it has 
without exception given satisfaction, and much of 
the work now being done by this company consists 
of duplicate orders. 


A Correction. In our September issue it was in- 
adverently stated that Messrs. Field & Hinchman, 
consulting engineers, had removed their offices to 
1203-1204 Majestic Building, Chicago. The firm re- 
mains in Detroit; has removed from former quar- 
ters in that city to the building above named, which 
is located in Detroit and not Chicago. 


The Watts Regulator Company, Lawrence, 
Mass., manufacturer of the Watts pressure regula- 
tor, and the Carlman damper regulator, have over 
142 pressure regulators in the Pacific Mills, Law- 
rence, Mass., 94 in the Amoskeag Mills, Manches- 
ter, N. H.; 180 in the Calumet & Hecla Mining Com- 


_ pany’s plant, Michigan. and 300 in the Lowell Ma- 


chine shops, Lowell, Mass. 


The Ashton Valve Company, Boston, Mass., has 
received an order from the U. S. Government fora 
number of pump relief cylinder valves, to be used 
aboard the new torpedo boats now under construc- 
tion. As in the past years, the Ashton Valve Com- 
pany will, in December, issue a unique 1897 calendar, 
which will be mailed to its many friends and cus- 
tomers. To insure the receipt of this calendar, it 
will be well to have your name enrolled now. 


The Silvermiths’ and the Stewart Building are 
Chicago's two latest additions to its long list of tow- 
ering office buildings. The Electric Appliance 
Company is’ particularly interested inthe construc. 
tion of these two mammoth buildings, as they are to 
be tubed throughout with Armorite iron-armored 
interior conduit, sold by the Electric Appliance 
Company, which claims that these two buildings, 
when completed, will have the finest interior con- 
duit system in Chicago. 


The American Stoker Company, of Dayton, O., 
has recently perfected a steam motor which is ap- 
plied to each stoker, thus making each machine in- 
dependent. This renders the work of installation 
very simple. It also renders the stoker practicable 
for use under marine boilers. This company is de- 
sirous of a general representation through engin- 
eering firms handling pumps, heaters and boiler 
room supplies and invites correspondence from in- 
terested parties. 


Charies A. Schieren & Company ,45 Ferry Street, 
New York, report recent sales of leather belting, as 
follows: Two 72-in. three-ply leather belts for Mu- 
nicipal Electric Company, Brooklyn, N. Y.; two 56- 
in. three-ply leather belts for Manchester Electric 
Light Company, Manchester, N. H.; one 44-in. 
three-ply belt for Edison Klectric Illuminating 
Company, Pottsville, Pa. Also a complete equip- 
ment for the Baltimore Sugar Refining Company, 
about $6,000 worth of leather belting. 
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The Typewriter Exchange, 1% Barclay Street, 
New York City, established six years ago, has grown 
to such proportions that it was found necessary to 
open branches in different sections of the country. 
Besides the New York office, branches have been es- 
tablished at 156 Adams Street, Chicago; 38 Court 
Square, Boston, and 818 Wyandotte Street, Kansas 
City. This concern makes a specialty of. selling 
typewriters far below the manufacturers’ prices, 
and will also make terms upon the installment 
plan. 


The Prouty Company, 328 Dearborn Street, Chi- 
cago, has recently perfected and put on the market 
a gasoline engine, which is especially adapted for 
service in small isolated lighting plants. It is 
claimed for this engine that it embraces all the lat- 
est and most important improvements and no offen- 
sive odors come from its use, the amount of cooling 
water required is very small, and that the construc- 
tion of engine precludes any liabilities to accident 
under any circumstance. It is very simple in con- 
struction and it is claimed to be perfect in govern- 
ing. Circulars and further information are gladly 
given by the manufacturers. 


The Chicago Armature Company, 14 and 16 N. 
Canal Street, Chicago, has just reorganized with U. 
I. Swingley, president and treasurer; Martin L. 
Nelson, vice-president; John S. Parmele, manager; 


E. M. Parmele, secretary; and Wm. Wright, super- 


intendent. With its new organization the company 
is now prepared to push its business harder than 
ever and will continue, as heretofore, to make a 
specialty of all kinds of repair work, including the 
making of commutators and armature winding for 
all systems. The company under its new manage- 
ment will also manufacture dynamos and motors. 
With its increased facilities, it is prepared to turn 
out all orders promptly and satisfactorily to its 
patrons. 


The Columbia Stoker Company, Holyoke, Mass., 
isin receipt of a testimonial from the Springfield 
Brewing Company, as follows: ‘‘ After giving your 
trial installation a three months’ test we gave you 
the order to equip the remainder of our boilers with 
your Columbia stokers, which are now in successful 
operation. Previous to the installation of your 
stokers we contemplated adding one and possibly 
two more boilers to our battery, as it was impossible 
for us to generate sufficient steam to supply our de- 
mand; since your stokers are in operation we are 
pleased to inform you that we have an abundance 
of steam for all purposes, and at the same time have 


decreased our fuel consumption more than 25 per 


cent.” 


W. R. Brixey, 203 Broadway, has recently laid one 
of the longest,if not the longest, submarine telephone 
lines in this country, consisting of 3314 miles of Kerite 
cables. The cable, which was placed in position un- 
der the personal supervision of Mr. J. E. Ham, gives 
a private metallic circuit between Swinburne and 
Hoffman Islands in New York Bay, and connects 
them with the mainland,thus rendering instant com- 
munication possible between the islandsand main- 
land, with the health physician’s office, situated at 
Quarantine Station, Staten Island, with the Com- 
missioner’s office, situated in New York City, and 
with the State Government office, at Albany, New 
York, together with such points as might be deemed 
necessary to reach by long distance telephone 
throughout the state. 


The Springfield Engine Stop Company, 273 Main 
Street, Springfield, Mass., has recently placed its 
electric engine stop in the following plants: War- 
wick Cycle Company, Springfield, Mass.; Lamb 
Manufacturing Company (A.G. Spalding & Broth- 
er), Chicopee Falls, Mass.; Hartford Carpet Com- 
pany, Thompsonville, Conn.; New England Card 
& Paper Company, Springfield, Mass.; Holyoke 
Card & Paper Company, Brightwood, Mass.; George 
S. Colton, Easthampton, Mass.; Coulter & McKen- 
zie Company, Bridgeport, Conn.; Worthy Paper 
Company, Mittineague, Mass.; The Orange Judd 
Publishing Company, Springfield, Mass.; Whitman 
Mills, New Bedford, Mass.; Potomska Mills, New 
Bedford, Mass.; Woonsocket Worsted Company, 
Woonsocket, R. I.; Eagle Mills, Woonsocket, R. I., 
and the Salts Fabric Company, Bridgeport, Conn. 


The C. & C. Electric Company, 143 Liberty 
Street, New York, during the six months ending 
July 14, installed 654 HP of motors on the circuits of 
of the New York Edison Illuminating Company. 


AMERICAN ELECTRICIAN, 


The next highest of the twelve companies which 
installed motors on the same circuits during that 
period, has 163 HP to its credit, while the aggregate 
of the eleven competing companies does not greatly 
exceed the total of the C.& C. Company. Last year 
the showing of this company was 689 HP more than 
the greatest amount installed by any other com- 
pany in twelve months. Computing for twelve 
months, it would have 962 HP more than the great- 
est amount installed by any other company, pro- 
vided the present rate is maintained. The above 
records are taken from the reports of the Edison 
Company to its stockholders, of additions to the cir- 
cuits during the periods stated. 


Wm, Baragwanath & Son, 55 W. Division Street, 
Chicago, has recently sold and erected some very 
large heaters and purifiers. Among these orders 
which the firm is now engaged in filling, is 
one for three heaters, each of 2500 HP from the Chi- 
cago City Railway Company. Among other orders 
are the following: Kewanee Electric Light Com- 
pany, Kewanee, Ill., one 100-HP heater; Howe Scale 
Company, Chicago, Ill., one 75-HP heater; Maywood 
Electric Light Company, Maywood, Ill., one 500-HP 
condenser; Washington Gas Light Company, Wash- 
ington, D. C., one 225-HP heater; Great Northern 
Hotel and Theatre Building, Chicago, two 1500-HP 
heaters; Plankinton Park Company, Milwaukee; 
Wis., One 500-HP siphon condenser; Fraser & Chal- 
mers, Chicago, one 100-HP heater; Waupun State 
Prison, Waupun, Wis., one 200-HP feed-water heater- 
Phoenix Brewing Company, Chicago, one 200-HP 
heater. 


A. K. Warren & Company, have permanently lo- 
cated themselves at 451 and 4°3 Greenwich Street, 
New York, in the Trinity Building, opposite their 
temporary premises in Desbrosses Street in the 
shops lately occupied by the Garvin Machine Com- 
pany. A.K. Warren and James Rich Steers, the 
proprietors have secured in these premises superior 
facilities for handling their peculiar business, as the 
shop, store and offices are allon one large ground 
floor, greatly facilitating the handling of heavy 
machinery, which, in repair, constitutes the main 
part of their business. Their contratt department 
for maintaining electrical plants, has met with such 
success that they have had to engage further ex- 
perienced help to keep up with the demand for in- 
spections. A visit to their stores will repay all users 
of electrical machinery, as it will familiarize 
them with their complete system of handling emer- 
geucy or breakdown work, which is now reduced 
to a science. 


The Stromberg-Carlson Telephone Manufactur- 
ing Company, 172 Clinton Street, Chicago, continues 
to receive praise for the signal success of its latest 
telephone exchange, which was put in operation at 
South Bend., Ind., last month. The new exchange, 
which has a switchboard capacity for 600 subscrib- 
ers, had 500 subscribers connected up on Sept. 1. 
Before the exchange was officially opened a political 
speech was transmitted to too subscribers from a 
“ wigwam’; the Stromberg-Carlson Company put in 
a set of transmitters specially constructed by it 
for this service, and the result is thus described bya 
local newspaper: ‘‘The orator's words came over the 
wires clear and distinct, punctuated by the applause, 
laughter and shouts of the audience. At the close 
of the speech a babel of voices and sounds burdened 
the wires. There were congratulatory remarks, 
witty sallies, sarcastic digs at the enemy, laughter, 
coughs and the many other sounds incident toa 
large gathering of the genus homo. 


The Electrical Exchange, Monadnock Block, Chi- 
cago, reports the following among recent ship- 
ments: One 200-lt. generator, to J. E. Duval, Lew- 
sburg, N. C.; one 1300-lt. Slattery alternator, with 
exciter, instruments, etc., to the Terrell Light & 
Power Company, Terrell, Tex.; one 30-HP 500-volt 
Commercial motor to the Albart Lea Electric Com- 
pany, Albart Lea, Minn.; one 200-lt. Davis gener- 
ator, tothe Q. & C. Company, Chicago Heights, Ill.; 
one 65-It. Mather dynamo, to H. Rallen, Chicago; 
one 15-HP Detroit motor, to H. J. Rath, 50 N. Canal 
Street, Chicago; and apparatus for Billings, Mont., 
Irwin, Pa., Three Rivers, Mich., Riply, Tenn., Caro, 
Mich., Houlton, Me., Roslyn, Wash., Lewistown, Ill, 
Lake Butler, Fla., Lake City, Fla., Radford, Va., 
Bowling Green, Mo., Clinton, Ind., Fowler, Ind.; 
Lexington, Ky., Blue Island, IIl, Lowell, Mich., 
Massillon, O., Beatrice, Neb., Cardington, Pa., New 
Orleans, La., Fairburg, Neb., Columbia, S. C., Shu- 
shan, N. Y., etc. 
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Pairbanks, Morse & Company, Franklin and 
Monroe Streets, Chicago, call attention to the man- 
ner in which their wonderfully successful develop- 
ment of the gas and gasoline engine enables small 
manufacturers to avail themselves of a power which 
they can operate with an economy the best steam 
plant cannot approximate. This company, after 
sixteen years of research and development has long 
since passed the experimental stage, and now has 
thousands of engines in actual and successful opera- 
tion, in some cases thirty or forty being in use by one 
firm. They are adapted to nearly all conditions of 
service for which the steam engine is used, but are 
entirely free from the objectionable features usually 
attending the use of steam, They require no boiler, 
no coal, no fire; they produce no smoke, soot or 
ashes, and are so entirely automatic as to practically 
require no skilled attendance. Many of the largest 
users of steam after trying this type of gas or gaso- 
line engines have issued orders that no more steam 
engines shall be installed, These engines are spec- 
ially adapted for running electric light plants, and 
the makers will gladly give further information in 
regard to their use in this connection. 


The Standard Air-Brake Company points with 
pride to the fact that it is the only concern which 
builds street railway air-brakes that received di- 
ploma and medal at the World’s Columbian Expo. 
sition. Since the last street railway convention the 
company has, among others, made contracts as fol- 
lows: Pasadena & Los Angeles Electric Railway 
Company; Buffalo Railway Company; New South 
Wales Government Tramways, Australia; Germany; 
Switzerland; Brooklyn, N. Y.; Washington, D; C.; 
Worcester, Mass.; Akron, O.; Pullman Palace Car 
Company, Pullman, 111.; Philadelphia, Pa.; Spring- 
field, Mass.; St. Catharines, Ont.; Lorain, O.; etc. 
For obvious reasons, the company withholds more 
definite particulars. From a number of these places 
as many as from three to six repeat orders 
have come during the year. The business has in- 


* creased enough during the year to compel the com- 


pany to open a store-house in New York, where a 
stock of air-brakes and sundries is carried. The lo- 
cation, 254 Water Street, is central and convenien- 
for shipping. Since the company removed its fact 
tory from 11-23 South Jefferson Street, Chicago, and 
began manufacturing air-brakes within 5 miles 
from its headquarters, its business has steadily ad- 
vanced. 


K. McLennan & Company, Chicago, sole manufac- 
turers of the standard Gale’s commutator com- 
pound, report their sales during the past year more 
than double that of any previous year. The satis- 
faction with which the compound has met generally 
has exceeded their most sanguine expectations, and 
they arein receipt of enough testimonials unsolic- 
ted or, to use their own expression “to fill a 
volume”. In response to numerous requests from 
their customers, the Fort Wayne Electric Corpora- 
tion recently made a careful and exhaustive test, 
and the result, as expressed by them is as follows: 
“ The application of Gale's commutator compound 
was attended with very satisfactory results. A 
slight sparking occurs atthe moment of applying 
the compound; this, however, disappears instantly, 
and the commutator assumes a hard gloss. We 


recommend it to those having trouble with spark- 


ing, cutting of commutators, etc.” The test was 
made under the personal supervision of Mr. Barnes. 
Mr. Isaacsof K. McLennan & Company states that 
this is but one of hundreds of similar tests, and with 
similar results. He will be at the street railway 
convention with sufficient samples so that every 
delegate may make a personal test, and convince 
himself of the merits of Gale’s compound. In the 
meantime samples may be had on application to 
their office, Marqutte Building, Chicago. 
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Harvest Excursions. 


In order to give everyone an opportunity to see 
the grand crops in the Western states and enable 
the intendIng settler to secure a home, the Chicago, 
Milwaukee & St. Paul Railway has arranged to run 
a series of harvest excursions to South and North 
Dakota, and to other states in the West, Northwest 
and Southwest on the following dates: Sept. 1, 15, 29 
and Oct. 6 and 20, at the low rate of $2 more than 
ONE FARE forthe roundtrip. ‘Tickets will be good 
for return on any Tuesday or Friday within twenty- 
one days from date of sale. For rates time of trains 
and further details apply to any coupon ticket agent 
in the East or South, or address F. A. Miller, Assist- 
ant General Passenger agent, Chicago, IIL 
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ISOLATED LIGHTING AND POWER PLANT 
AT HEARST HACIENDA, SUNOL, CAL. 


BY W. F. C. HASSON. 


HE attention of the traveler approach- 

ing San Francisco through the Liver- 

more Valley will be attracted to a curious, 

castellated structure perched high on a 
hill in the vicinity of Sunol. 

The building is in the style of the ancient 

haciendas of the rich Spaniards, who early 

settled in Mexico and Southern California, 


but it far exceeds its original prototypes in- 


beauty and magnificence. It is the summer 
residence of Mrs. Phcebe Hearst, and is the 
product of the fertile imagination of Mr. A. 
C. Schweinfurth. 

The building consists of a rectangular 
court enclosed on two sides by two-story, tile- 
roof buildiugs,and on the third by a monastic 
structure four stories in height. The ce- 
mented walks are covered with awnings,after 
the fashion of Mexico, and in the center of 
the court is a beautiftil lawn rich with flowers 
and cooled by fountains. 

The main building is connected by a 
colonnade to a second building of the Old 
Mission type, some two hundred feet away, 
which forms a studio, ball room and theatre. 
On the opposite side, other colonnades lead 
off toa variety of buildings, where are ser- 
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plant, which is of the most modern. The 
walls of the rooms are covered with the most 
valuable and beautiful tapestries, which 
would soon be destroyed by gas. It was 
desired to avoid the smoke incident to a 
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namo, as shown in Fig. 1. The dynamo is a 
Western Electric machine, having a rated 
capacity of 9 Kw. 

The switchboard arrangements are as 
shown in Fig. 2, and Fig. 3 gives an interior 


FIG. I.— GENERATING PLANT. 


steam engine plant, and it wasfurthe1: wished 
to avoid disturbing the calm peace of the 
country with the noise of machinery. To 
accomplish this an electric plant was in- 
stalled. . 


FIG. 3.—DYNAMO AND ENGINE ROOM. 


vants’ quarters, laundries, engine houses, 
etc. 

Everything about the place is of an older 
time, except the electric light and power 


The plant consists of a twin-cylinder gaso- 
line engine, having a tested brake capacity 
of 22 HP. This is belted to a ratchet pulley 
on the countershaft, thence back to the dy- 


view of the engine and dynamo room. Ad- 
joining the dynamo room, is a storage bat- 
tery room, where a storage battery, consist- 
ing of 60‘ F 11 ” Chloride cells, is installed 
in two and three tiers. In the center of the 
room is arevolving crane, by which any cell 
may be lifted out of place for examination. 

The main feeders are carried underground 
to the main building, where there is a second 
distributing switchboard for the various pur- 
poses of the buildings. 

The engines are supplied with unusually 
heavy flywheels, and a third flywheel on 
the countershaft in connection with the 
ratchet pulley, prevents the speed of the 
dynamo being affected when there is any 
change in the amount of gas supplied the 
engine. 

The switchboard is supplied with a double 
set of bus bars, so that current for lights 
may be supplied from the storage battery or 
from the dynamo direct. No difficulty is 
found in supplying a perfectly steady light 
directly from the dynamo. 

After the plant was installed, it was found 
that the supply of water for the irrigation of 
the grounds was not sufficient, and a pump- 
ing plant, having a capacity of 5000 gals. 
per hour, to be pumped about 1300 ft., and 
elevated 310 ft., was added. This plant is 
operated by a motor supplied with current 
from the dynamo. When the plant was in 
full working order, it was found that by run-. 
ning from six to eight hours a day, sufficient 
current could be supplied from the storage. 
batteries to meet the nightly demand, and 
sufficient water pumped to the storage tanks. 
for irrigation purposes. 

The contract for all the machinery was 
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closed on Apr. 15, 1896, and although every- 
thing but the gasoline engine had to be 
transported across the continent, the plant 
was in successful operation within sixty 
days. 

The entire electric plant was installed by 
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dence can be so installed as to occupy little 
space, and be efficiently operated by almost 
any of the men kept about a place of any 
size, in some cases without notably inter- 
fering with their usual duties. A gardener 


_ or coachman is generally a man of sufficient 
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FIG. 2.—SWITCHBOARD ARRANGEMENT. 


the California Electrical Works, of San 
Francisco, and that it was done with pre- 
cision, is evinced by the fact that the plant 
has now been in operation for four months, 
without giving any trouble whatsoever. 
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LIGHTING OF A COUNTRY RESIDENCE. 


BY E. G. BERNARD. 


That the owners of country residences 
have not more generally availed themselves 
of the advantages of electric lighting is per- 
haps not surprising when we consider how 
formidable the mechanical and electrical 
features of such a plant are likely to appear 
to them, and with what apprehension they 
are apt to view the result of its operation by 
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intelligence to take direct charge of the 
plant; his presence may sometimes be nec- 
essary for a few moments at starting up or 
shutting down, but a hoy or stable hand can 
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Hart, near Troy. The installation, which 
consists of boiler, engine, dynamo, storage 
battery and necessary wiring, has a capacity 
for 100 16-CP, 75-volt lamps, and is used 

' for house, stable and grounds lighting. 

The generating plant (Fig. 3) occupies a 
small space in one end of the stable, the 
space being divided into two portions by a 
brick wall. One room contains the boiler 
and its necessary fixtures, and the other the 
engine, dynamo and switchboard. The bat- 
tery occupies a small detached building 
(Fig. 2) about fifty feet distant, and in the 
immediate rear of the residence. 

The boiler is a vertical one, rated at 15 HP, 
and is covered with cement. It occupies 
a floor space, including ash pit and pip- 
ing, of 6 ft. X 6 ft. Fig. 1 shows the engine 
and dynamo. This direct connected unit, 
consisting of a Case engine and a Bernard 
dynamo, occupies a floor space of 2% X 6K 
ft. The engine, operating at 80 lbs. pressure 
and 550 r. p. m., has its shaft direct con- 
nected to that of the dynamo by means of a 
flexible coupling, which always assures 
smooth running. The dynamo has a wrought 
iron field circuit, is shunt wound and has a 
capacity of 45 amperes at 125 volts. Fig. 3 
shows the arrangement of the generating 
plant. 

The battery consists of 42 cells of 
500 ampere-hours capacity, and is of the 
“Chloride” type, The cells are arranged in 
series on shelves, permitting easy accessi- 


FIG. 2.—STORAGE BATTERY. 


attend to the plant while in operation, which 
need not be more than twice a week. 
To illustrate by a specific case, the follow- 


FIG. I.—DIRECT CONNECTED STORAGE BATTERY GENERATING UNIT. 


the unskilled labor upon which they would 
have to depend. 

In point of fact, at the present day an iso- 
lated electric light plant for a country resi- 


ing information is given relating to a plant 


installed about four years ago by the E. G. 


Bernard Company, of Troy, N. Y., at the 


summer residence of Mrs. Wm. Howard 
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FIG. 3.—GENERATING PLANT. 


bility. 38 of the cells, with an average of 
78 to 80 volts, are placed on the main circuit. 
The remaining four can be thrown in or out 
by the reserve cell switch, thus keeping the 
voltage constant. These extra cells are 
always kept fully charged. A plan of the 
battery room is shown in Fig. 2. 

Fig. 4 shows the switchboard connec- 
tions. The dynamo mains lead to a double- 
pole fused switch mounted on the switch- 
board, and wires lead from the switchboard 
to the storage battery room and to the house 
lighting circuits. The lamps in the house 
are installed on two separate circuits, and by 
means of switches, both of these circuits can 
be operated in parallel from either the storage 
battery or the dynamo, or one circuit may 
be operated independently from the dynamo 
and the other from the storage battery. 
The two house circuits are ordinarily con- 
nected to the battery in parallel; on special 
occasions, such as entertainments where 
considerable extra light is required, the 
dynamo supplies one circuit and the storage 
battery the other. The house is wired for 
100 lights, but only from 25 to 35 are ordi- 
narily used. 

The dynamo voltage is regulated by 
means of a rheostat mounted on the switch- 
board. A wattmeter is connected in circuit 
to indicate the amount of charge and dis- 
charge. The reserve cell switch is mounted 
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in the battery room. An automatic circuit 
breaker is used on the main line to prevent 
the battery current from flowing back to the 
dynamo, and is set to break the circuit at 
5 amperes or less. The battery is charged 
twice a week with 45 amperes of current to 
commence with, which is gradually reduced 
to about 20 amperes at the end of the 
charge. 

All details are so simple that a fifteen- 
year old boy employed about the place has 
entire charge of the plant, from firing the 
boiler to starting the engine and dynamo, 
charging the batteries and throwing the 
switches. In fact, the following instruc- 
tions cover his entire duties: 

“First. Fire boiler and get up 60 to 80 
lbs. of steam. Second. Start engine and 
dynamo, and adjust the voltage of dynamo 
to about 120 volts. Third. Throw out the 
house switches (two) and throw in the bat- 
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tery switch. Fourth. Adjust the rheostat 
so that the ammeter indicates 45 amperes 
flowing through the battery; keep this up 
three hours, then reduce for three hours to 
35 amperes, then further reduce for three or 
four hours more to 20 to 25 amperes. This 
will charge the batteries sufficiently for from 
three to eight days, according to the time of 
the year, etc.” 

A system for residence lighting even more 
simple than the above, is one employing a 
gas or gasoline engine belted direct to a dy- 
namo. This system can be run at a remark- 
ably low cost; infact, there are small plants 
of this system running, in which the cost is 
stated to be not over one cent a day per 
16-cP light. By using one of the latest 
type of gas or gasoline engines, great effi- 
ciency, simplicity and constant speed can be 
secured, and the lighting may be done 
direct from the dynamo without using a 
storage battery. 

If, however, the first cost of a storage 
battery is not prohibitory, it will be found 
an extremely desirable addition, even 
with a gas engine; for while the gas 
engine will run without any engineer or 
special care, it is yet very convenient 
to fall back on the storage battery dur- 
ing the hours when only a limited amount 
of light is required. In addition, the 
storage battery will double the capacity 
of the plant for special occasions, as above 

noted, 
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Typical Electric Plant For Country 
Residences. 


BY MAURICE BARNETT. 


Up to a year or two ago the electric light- 
ing of private residences was confined almost 
exclusively to those located in the cities. 
Very few country houses were thus lighted, 
as it was thought that in the absence of elec- 
tric companies’ mains an incandescent sys- 
tem could not be adopted except at a 
prohibitory cost. Further, it was imagined 
that if a generator plant were installed for 
country house lighting, the vibrations pro- 
duced by the engine would be objectionable, 
and that it would be necessary to start the 
whole plant to take advantage of a single 
lamp. 

It is the purpose of the writer to show, in 
the following paragraphs, that not only can 
electric lighting be carried on economically 


in the country, but that by means of a gen- 
erator plant combined with a storage battery, 
the dynamo capacity can be doubled and 
light had at any hour of the day or night 
without the necessity of running the engine 
more than a few hours three or four times a 
week except where the full capacity of the 
dynamo is wanted nightly or to meet the de- 
mand for a special occasion. 

With regard to the cost of operating an 
isolated plant in the country, 1t may be said 
that this is less than equivalent illumination 
can be had by any other known means save 
water power. 

There is no question of this since the im- 
provement of gas, gasoline and naphtha 
engines has made possible the use of a prime 
mover possessed of high efficiency, and in 
operating which there are no stand-over 
losses. It is amatter of common knowledge 
that a given amount of gas or oil used to 
operate an engine driving a dynamo will 
furnish more light than when this same gas 
or oil is burned from a tip or wick. The in- 
troduction of a storage battery in such a sys- 
tem renders it satisfactory in the highest 
degree, inasmuch as it makes possible an 
absolutely steady light produced at a cost 
lower than is possible with boiler and steam 
engine, and nearly as low as it can be by 
water power. 

In order that this article may be of value 
to the practical electrician, the writer will 
take the case of a house in which thirty to 
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forty lamps are used on an average, but 
which is wired for 100 lamps, all of which 
may be used on special occasions, and 
will consider the apparatus required and 
method of connecting up the same to meet 
the conditions that arise in such instances. 

It has already been stated that for isolated 
plants the gas, gasoline and naphtha engines 
are efficient and economical; and as they can 
be started up at a moment's notice, require 
no skilled attention, demand little storage 
room for fuel, are very serviceable for this 
work. Next in importance is the dynamo, 
which should be, say, a 50-light shunt-wound 
machine supplied with a rheostat for regu- 
lating the E. M. F. 

With regard to the battery, it can be stated 
that ordinarily 58 cells will give all the 
pressure required for house work. If the 
battery is placed too far from lamps or, 
in other words, if the resistance of circuit is 
greater than should be the case, it may be 
necessary to add a couple of extra cells. To 
ascertain the capacity the battery should 
have, it is necessary to know what work it 
has to perform. The case in point calls for 
a 50-lamp battery by which the output of 
the dynamos may be doubled on special 
occasions and which, being charged three 
or four times a week, would furnish all the 
light normally required day and night during 
the week. Figuring that 50 lamps require 
a current output of 30 amperes it is evi- 
dent since the normal discharge rate is an 
8-hour rate the capacity of battery should be 
240 ampere-hours, 
` In addition to the foregoing, the following 
apparatus will be required: 2 ammeters; 1 
voltmeter; 1 overload switch ( for auto- 
matically cutting battery out of circuit if 
it should for any reason begin to discharge 
at too rapid a rate ); 1 underload switch for 
automatically cutting battery out of charg- 
ing circuit in case voltage of dynamo should 
fall below that of battery ( in which case the 
battery would run the dynamo as a motor). 
There would also be required about ro coun- 
ter E. M. F. cells for reducing the battery 
pressure at beginning of discharge, and also 
for reducing the dynamo voltage on the 
lamps when the battery is being charged 
at the same time dynamo is used on lamps. 
Lastly, there would be required a 3-point 
voltmeter switch connected up with the 
voltmeter so that the voltage can be ascer- 
tained at any moment at the terminals of 
the dynamo, the terminals of the battery 
and on the lamps; also a counter-cell switch 
and a dynamo and a battery-switch. 

The method of connecting in a storage 
battery plant where the generator is shunt- 
wound aud capable of giving the E. M. F. 
required (2 % volts per cell) for charging 
the battery, is shown in Fig. 1, in which 
S=lamp_ switch. 
S’=dynamo ‘“ 

O = overload * 


A = ammeters. 
V = voltmeter 
E = voltmeter switch. 


G = bus bars. C =: underload “ 

L = lamps. K = battery. 

D = dynamo. H = counter-cell switch. 
R = rheostat. P = counter E. M.F. cells 


By reference to Fig. 1, it is seen that the 
lamps can be run from the battery alone or 
from the battery and dynamo working to- 
gether in parallel. The drawing also shows 
that the voltage on lamps can be maintained 
constant, in spite of the high E. M. F. re- 
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quired to charge the battery, by the aid of the 
counter E. M. F. cells, which are arranged 
in circuit between the dynamo and the lamps 
and are always under control by means of 
the counter-cell switch. 

For a lighting plant already in existence 
and in which the voltage of the dynamo is 
not great enough to charge the battery, the 
requisite E. M. F. may be secured by means 
of a supplementary dynamo or ‘‘ booster,” 
the field of which may be separately excited 
from the bus bars or from the terminals of 
the battery—the armature being connected 
in series with the main dynamo. By this 
arrangement the battery may be charged 
without increasing the voltage on the bus 
bars. Itis furthermore of no consequence 
under this arrangement whether the dynamo 
is shunt-wound or compound. 

Fig. 2 shows the method of connecting in 
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FIG. I.——CONNECTIONS OF STORAGE BATTERY 


PLANT. 


a storage battery with a plant already in ex- 
istence, in which the voltage of dynamo is 
not great enough to charge battery, and re- 
course is had to a ‘‘booster.’’ The lettering 
is practically the same asin Fig. 1, only here 
B represents the booster; D, the leads to the 
dynamo, and F, the field circuit switch of 
the booster. The E. M. F. of discharge is 
regulated by switching out the counter E. 
M. F. cells as the voltage of the battery 
drops. 

To the electrician who is not familiar with 
setting up batteries the following pointers 
may not come amiss. 

See that the elements are clean. (Dirt 
may impair the purity of the electrolyte and 
lead to short-circuiting within the cell.) 

Clean the lead lugs well before applying 
bolt connectors, which are to be screwed 
up tight in order to makea good connection. 
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Cells are always to be arranged in series. 
The negative pole may be distinguished 
from positive by reason of the fact that 
there is always one more negative than posi- 
tive plate in every cell. The negative plates 
are gray; the positives, brown. Do not add 
electrolyte unless all the cells are joined up 
and current is available for charging. The 
electrolyte should be dilute sulphuric acid 
of Sp. Gr. 1.200. Mix electrolyte some 
time before using so that it will be cool when 
required. (Mixing water and sulphuric 
acid always produces heat). 

Begin charging as soon as the cells are 
filled and continue for twenty hours at the 
normal charging rate prescribed by the 
manufacturer. If it be impracticable to 
charge continuously for twenty hours, 
charge, on successive days, at least ten hours 
each day uninterruptedly. 


L 


i—i 


If the voltage of the dynamo is at least 
ten per cent. above the voltage of the bat- 
tery, connect the positive lead from the dy- 
namo with the positive terminal of the bat- 
tery and close circuit. (As it is necessary to 
give the correct polarity to the generator 
proceed as follows: Cut out the armature by 
raising the brushes off of the commutator, 
then adjust the field rheostat so that all the 
resistance is in circuit and, finally, close the 
battery circuit; then the residual charge of 
the cells will send a current around the field 
magnets giving to them the correct polarity. ) 
Charge until cells show 25 volts per cell. 
Do not discharge down below 1.8 volts per 
cell, and never allow cells to stand when dis- 
charged. When run down charge immedi- 
ately. 

If it be not intended to use the cells fora 
long time, say two months, treat as follows: 
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Charge up fully, draw out 25 per cent. of 
capacity, remove the elements from the elec- 
trolyte and rinse well with water. When 
the elements are again to be putin service, 
add electrolyte and charge 20 hours—the 
same as with new element. 

New cells do not give their full capacity 
until ro or 15 discharges have been made. 

The plates must always be covered by the 
electrolyte. 

The density falls during discharge and 
rises during charging. 

Test the cells separately from time to time 
with hydrometer and cell tester. If any 
show low voltage, which cannot be overcome 
by careful watching, cut out during dis- 
charge and reinsert on charging. 

By attending to the foregoing instructions 
no trouble will be had with a battery plant. 

In the first part of this article attention 
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“FIG. 2.—CONNECTIONS OF BOOSTER STORAGE 


BATTERY PLANT. 


was directed to the practicability of using 
gas, gasoline and naphtha engines for isolated 
plant work on the ground that with this 
form of motive power, electricity could be 
generated cheaply. Thus far nothing has 
been said regarding the relative first cost of 
a steam engine plant and a gas engine-stor- 
age battery plant. Within the limits of an 
article like the present one, an analysis of 
this expense cannot be attempted. It is evi- 
dent that the steam engine plant is free from 
the cost of a storage-battery; but on the 
other hand the gas engine battery plant is 
free from the expense of steam generating 
apparatus. Whatever the difference between 
the two it will not be very great. Even if 
the gas engine battery arrangement were 
slightly expensive, the increased cost would 
be justified a dozen times over by reason of 
the better light afforded, the facility with 
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which some light can be had at any hour of 
day or night without the necessity of start- 
ing up generator, and the fact that no skilled 
help is needed to rnn a gas engine plant. 

From considerations like these it must be 
evident that the electric lighting of country 
houses is practicable whether looked at from 
the point of view of first cost, operating ex- 
penses, ease of manipulation or adaptability 
of plant to the needs of the owners. This 
last point is quite a desideratum. Most per- 
sons like to have their house quiet at night. 
With a gas engine-battery plant there would 
rarely be any necessity for running generator 
_ at night. 

These facts have but lately received gen- 
eral recognition, and already there has been 
a rapid extension of country house lighting, 
a fact which indicates that in the next few 
years, when the practicability and utility of 
a combination of generator plant with stor- 
age battery for country houses is better un- 
derstood, there will be even greater activity 
in this kind of installation. 
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THE BERLINER PATENT SUIT. 


The celebrated suit of the United States 
against the American Bell Telephone Com- 
pany and Emile Berliner, for the cancella- 
tion of the Berliner Patent No. 463,569, 
dated Nov. 17, 1891, came before the United 
States Supreme Court, Nov. 9, for final dis- 
position. 

This suit was begun in Feb., 1893, by the 
Attorney General on behalf of the United 
States for the purpose of cancelling the Ber- 
liner patent filed June 4, 1877, and issued, 
after a delay of more than fourteen years, on 
Nov. 17, 1891, to the American Bell Tele- 
phone Company, assignee of Emile Berliner. 
The case was originally brought before the 
Circuit Court, District of Massachusetts, 
and on Jan. 3, 1895, Judge Carpenter decided 
in favor of the Government and ordered the 
patent cancelled. His decision embraced 
two of the grounds set up by the United 
States urging the cancellation of the 
patent. 

On appeal by the American Bell Tele- 
phone Company, the Circuit Court of 
Appeals of the same judicial district adjudged 
in favor of the American Bell Telephone 
Company, overruling Judge Carpenter’s de- 
cision on the ground of lack of jurisdiction. 
The United States then appealed the case 
to the Supreme Court. 

The case was opened on Monday, Nov. 9, 
by Judge R. S. Taylor, of Ft. Wayne, for the 
Government, who was followed by Joseph 
H. Choate, of New York, and F. P. Fish, of 
Boston, for the American Bell Telephone 
Company. Causten Browne, of Boston, and 
Chas. H. Aldrich, Ex-Solicitor General of 
the United States, also appeared for the 
Government, the latter by special appoint- 
ment by the Attorney General as Special As- 
sistant Counsel for the United States to file 
a supplemental brief discussing in greater 
detail some of the grounds upon which the 
United States urges the cancellation of the 
patent. 

The bearing of this famous Berliner patent 
upon the telephone situation is briefly as 
follows: 

On Mar. 8, 1876, Alexander Graham Bell 
was granted a patent, No. 174,465, covering 


fundamentally and broadly the method of, 
and apparatus for, transmitting and receiv- 
ing speech electromagnetically. Bell also 
claimed ‘‘ The method of producing undula- 
tionsin a continuous voltaic circuit by grad- 
ually increasing and decreasing the resist- 
ance of the circuit * ** as set forth.” Thus 
Bell patented the method of the microphone. 
He did not, however, patent the apparatus. 

This may have been due to the fact that 
he considered, at that time, that the mag- 
neto transmitter was more important than 
the battery transmitter or microphone. 
Under this fundamental patent however, 
the American Bell Telephone Company, 
justly maintained their monopoly of the 
telephone business up to the year 1893. 

On Apr. 14, 1877, Emile Berliner filed in 
the patent office a caveat and on June 4, the 
same year, an application for an invention 
which, after various amendments (the entire 
specifications and drawings having been 
twice stricken out and erased and new ones 


substituted), was finally, on Nov. 17, 1891, 


issued to the American Bell Telephone Com- 
pany, and is now construed by them to cover 
all forms of battery transmitters or micro- 
phones. In other words, it isthe apparatus 
patent'on the microphone which Bell failed 
to claim, or, more exactly, the first claim is 
a ‘‘process’’ claim, claiming the ‘‘ mode of 
operation” of the microphone. Claim I 
reads: ‘‘ The method of producing in a cir- 
cuit electrical undulations similar in form to 
sound waves by causing the sound waves to 
vary the pressure between electrodes in c)n- 
stant contact, so as to strengthen and weaken 
the contact and thereby increase and dim- 
inish the resistance of the circuit, substan- 
tially as described.” 

The second claim is strictly for the trans- 
mitter as an apparatus operating by the 
method, or mode of operation, described in 
the first claim. 

During thirteen years out of the fourteen 
years this patent was lying as an application 
in the patent office, the Bell Telephone Com- 
pany, under the protection of Bell’s broad 
method patent, was reaping the profits of 
the exclusive use of the identical apparatus 
which this patent as issued is claimed to 
cover. The Bell Telephone Company now 
claims the right to continue the exclusive use 
of this apparatus until the year 1908, under 
the protection of this delayed patent; a total 
period of protection of more than twenty-two 
years. 

Judge Taylor and Mr. Browne argued be- 
fore the Supreme Court the two points on 
which Judge Carpenter adjudged in favor 
of the United States, namely: 

First, the uncalled-for delays in the Pat- 
ent Office which made the issue of the patent 
unlawful and amounted to bad faith on the 
part of the American Bell Telephone Com- 
pany toward the public. 

Second, the bearing of the 1880 patent to 
Berliner, in which is disclosed and described 
and patented the identical apparatus of the 
patent in suit, claimed both as a receiver 
and as a transmitter in combination with 
the same apparatus as a receiver. 

The American Bell Telephone Company 
argues, in reference to the delay in the 
office, that whatever delay there might have 
been was not unprecedented, and was due to 
the rules of the Patent Office, over which it 
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had no control, and concerning which it 
should not be held responsible. 

In reference to the second point, the 
American Bell Telephone Company claims 
that the 1880 Berliner patent was for a re- 
ceiver and was an entirely distinct invention 
from the transmitter patent of 1891, the 
patent in suit, and, moreover, this receiver 
had never gone into public use. 

Concerning the delay in the office, it may 
be stated that whoever may have been re- 
sponsible for the delay, it was the American 
Bell Telephone Company which profited 
thereby. Also, that during a large portion 
of the fourteen years the delay was caused 
by interference suits, both sides of which 
were owned by the Bell Company. 

In reference to the 1880 patent,sit is cer- 
tain that the fourth claim claims the com- 


bination of a transmitter and receiver of - 


identical construction with the transmitter 
in the patent in suit. But the patent in suit 
claims the transmitter per se. Therefore, as 
Judge Aldrich argues, ‘‘the system of the 
claim of the 1880 patent could not be prac- 
ticed without infringing the claims of the 1891 
patent. This fact alone establishes the iden- 
tity of the two patents and the illegality of 
the second patent” (the patent in suit). 
This is the ruling of the United States in 
the recent Miller vs. Eagle Manufacturing 
Company. 

Some of the other points argued in detail 

by Judge Aldrich are as follows: | 

First. ‘‘The application as filed June 4, 
1877, did not describe the constant contact 
transmitter whichis covered by the patent.’’ 
Berliner states in his application of June 4, 
1877, when describing his transmitter, con- 
sisting of a single pin electrode, and which 
could be made to operate by constant con- 
tact, 7. e., without breaking the circuit : 

“ These simple instruments will reproduce 
any musical sound uttered in the neighbor- 
hood of one of them, but for special sounds, 
such as speech, they are not adapted, and for 
the following reasons.’’ Berliner then pro- 
ceeds to discuss these reasons, and then, 
speaking of the reproduction of speech, 
says, ‘‘this I accomplish, however, by situ- 
ating within the vibrating field of the plate, 
A, a second screw, Æ.” This second screw 
is situated on the opposite side of the dia- 
phragm from the first, and the operation of 
the instrument is necessarily by ‘‘ makes 
and breaks,” instead of ‘‘ constant contact.’’ 
It was only by twice striking out the entire 
specifications and drawings, and substitut- 
ing new ones, that the constant contact 
feature was brought into the application. 
These amendments were not sworn to by 
Berliner until the constant contact trans- 
mitters had been in commercial use for more 
than three years, that is, over a year longer 
than Berliner could claim a legal right for a 
constant contact transmitter patent. 

Second. ‘‘The Berliner patent is void because 
of irregularities of procedure inthe Patent 
Office aside from questions of delay and inser- 
tion of new matter.” Judge Aldrich shows 
that the primary examiners inthe Patent Of- 
fice who had Berliner’s application in charge, 
all officially declared that the invention in 
question was not contained in the applica- 
tion as filed June 4, 1877. The counsel for 
Berliner appealed to the Commissioner in 
person, who, without it having first passed 
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through the Board of Examiners-in-Chief, as 
required by law, decided the invention was 
contained in the original application, and 
under this ruling the patent was finally 
passed to issue. The American Bell Tele- 
phone Company claims that the result would 
have been the same any way, as the Commis- 
sioner had final jurisdiction; but one object 
of the Board of Examiners-in-Chief was to 
enlighten the Commissioner and prevent 
mistakes, and they were required by law to 
“be persons of competent legal knowledge 
and scientific ability’? (requirements not 
specified for the Commissioner ). 

Third. ‘‘ The Berliner patent is void be- 
cause the process and apparatus therein 
claimed were described by A. G. Bell in his 
patent No. 174,465, of Mar. 7, 1876, and were 
a part Of Bell’s invention disclosed in that 
patent.” 

Bell first successfully transmitted speech 
in May, 1876, and transmitted it by the va- 
riable resistance method and apparatus, 7. e., 
his liquid transmitter. It appears from the 
testimony of the American Bell Telephone 
Company in previous cases that this liquid 
transmitter of Bell’s was an operative con- 
stant-contact transmitter or microphone, 
and, contrary to popular opinion, electrically 
different from the Grey liquid transmitter in 
which the electrode was immersed deeply in 
the liquid, instead of just touching the sur- 
face, as in Bell’s. Furthermore, the elec- 
trical action of Bell’s, is identical with the 
electrical action of Berliner’s transmitter; 
the variation in resistance of each being ac- 
complished solely by means of a variation in 
the area of contact at the point of contact, 
and the variation in resistance being neces- 
sarily accompanied by &æ variation in press- 
ure between the electrodes in both instru- 
ments. It thus appears that the method and 
apparatus of the Berliner patent is identical 
with the method and apparatus employed 
by Bell. Though Bell failed to patent the 
apparatus of his method, yet no subsequent 
inventor could legally patent this apparatus 
or mode of operation. Therefore, the most 
that Berliner was entitled to was the struct- 
ure actually claimed by him. The structure 
has never gone into public use and is unfitted 
for the commercial transmission of speech. 

Mr. Aldrich also calls attention to the 
Edison carbon patents, the companions of 
the Berliner patent in their long sleep in the 
patent office, which were designed to pro- 
long the monopoly of the American Bell 
Telephone Company by means of the funda- 
mental claims on the use of carbon for tele- 
phone transmitters, and which were actually 
issued by the Patent Office subsequent to 
their expiration under British limitation. 

It will be remembered that the American 
Bell Telephone Company strove to prolong 
the life of these patents by joining in the 
attempt to change the interpretation of Sec- 
tion 4487 of the Revised Statutes, referring 
to foreign limitation, but was defeated by 
the decision of the Supreme Court in the 
Bate Refrigerating case. 

It thus appears that the Berliner patent 
is the only obstacle which now prevents the 
public from enjoying the advantages of 
active competition in an industry already 
protected by the patent office for more than 
twenty years. The decision semains with 
the Supreme Court. 
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THE USE OF A VOLTMETER FOR 
MEASUREMENT OF INSULATION 
RESISTANCE. 


BY WM. R. C. CORSON. 


It is frequently desirable to determine the 
resistance of the insulation between the 
ground and a system of wiring, a dynamo, 
or other translating device, while the system 
is in operation, and for this purpose the 
method described below will be found con- 
venient. The formula is by no means 
new, but as the writer can find no article in 
which its derivation is published, and as he 
has met so many electrical workers who 
were not familiar with it, to whom the 
method would be of advantage, it has ap- 
peared probable that its publication would 
be of some interest. 

In the diagram, Z Z represent the mains 
of the constant potential circuit, 4 BC is 
the system or translating device grounded 
at some point or points, Æ. It is desired to 
find the resistance of the insulation, BG. 

One voltmeter is used, the resistance of 


which is known, and readings are taken 
across the mains, denoted by V, between 
ground and positive main, denoted by v, and 
between ground and negative main, denoted 
by y 

V’ is the sum of readings v and v œ is 
the resistance of the voltmeter, and s is 
the resistance of the ground insulation, 
which it is desired to determine; Now, drop 
of potential in 4 B + drop in s+ v = V; 


or drop in AB+?s+v= V. (1) 


and drop in BC+ pite= V (2.) 


adding (1) and (2.) , 
drop in A B + drop in BC+74+ v+ 
sZt) = 2V(3). 


But drop in 4 B + drop in BC= PV, 
andyv+w=W (5.) 
Substituting these values in (3.), 

— y 


s V’ 
V+ p V. (6.); s= R y T (7). 


It will be noted that there is a slight error 
in these equations, and that they will only 
be correct on the assumption that the com- 
bined resistance of voltmeter and ground is 
so great that the current flowing through 
the path will not affect the drop in potential 
through such conductors as 4 B and BC. 
This assumption is always necessary in 
measuring drop of potential with ą yolt- 
meter. 


(4.) 
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Let us take an example or two. 

We have a Weston portable voltmeter 
resistance is 60,000 ohms. We find the 
whose ground reading between the positive 
line of a 500 volt circuit and ground tobe 35 
volts, and ou the negative side 15 volts. 
Substituting these in formula (7.) We have 


35 + 15)), 
O 


Ss—60,000 (= 5 


ohms. 

Suppose again that the line was metallic- 
ly grounded on the negative side, and let 
us make readings, and apply formula. V 
would be 500, the voltage of the line; v 
would also be 500, because it would be the 
reading from positive main to ground which, 
being metallicly connected with the nega- 
tive main, has taken its potential. For the 
same reason 7 would be o. Formula would 
become s = 60,000 (62t ors =o, 
which, of course, was to be expected. 

— eo 

Modern Science.—Dr. John Trowbridge in 
a recently published book entitled ‘‘What is 
Electricity,” gives as the characteristic of 
physical science to-day, its reliance upon 
patient observation and the study of the 
transformation of electricity into light and 
heat, or the transformation of heat into elec- 
tricity. A well trained physicist listens, he 
says, with as much intolerance to the specu- 
lations of a philosopher on the origin of 
force, as Moltke would have listened to the 
philosophical faculty of the University of 
Berlin on the origin of war. The great 
modern intellectual movement in physical 
science, Dr. Trowbridge considers, resides 
in the abandonment of mere speculation, 
and the subsitution for it of the study of 
detail and the investigation of the economy 
of Nature in the transformations of the store 
of energy which has been vouchsafed to the 
world. Every university in the world now 
has systematic laboratories; and the methods 
of patient investigation which characterize 
the laboratory study of science are slowly 
creeping into the study of other subjects, 
notably that of law, and are destined, Dr. 
Trowbridge believes, to be adopted in all 
subjects. Lord Salisbury in his 1894 B. A. 
address said, ‘‘the science in the universities 
for many generations represented the know- 
ledge which alone in the Middle Ages was 
thought worthy of the name of science. It 
was the knowledge gained not by external 
observation, but by mere reflection. The 
student's microscope was turned inward upon 
the recesses of his own brain, and when the 
supply of facts and realities failed, as it very 
speedily did, the scientific imagination was 
not wanting to furnish to successive genera- 
tions an interminable series of conflicting 
speculations.” Dr. Trowbridge adds that 
the physicist of to-day has his ethers and 
his atoms just as the ancient Greek and 
Roman philosophers had theirs, and he pic- 
tures to himself invisible motions far more 
subtle than entered the imagination of Aris- 
totle or Democritus. The natural philoso- 
pher of to-day, Dr. Trowbridge asserts, dif- 
fers in this essential respect from the an- 
cient philosopher—he measures. If his heat 
measures do not agree with his hypotheses 
of vortical or atomic motions, he rejects his 
attractive hypotheses instead of hugging 
them, 


or S = 540,000 
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GAS AND OIL ENGINES FOR ELECTRICAL 
GENERATION, 


The first practical gas engine—that of 
Lenoir—was made in 1860, while the fore- 
runner of the present types of gas and gaso- 
line engine exclusively manufactured only 
dates from 1876, when the Otto principle 
was first applied. In Europe this type of 
thermal generator has met with much wider 


acceptance than in this country. Up to _ 


1886, or in ten years, no less than 15,000 
Otto cycle engines were sold, and at the 
present time a single one of the many 
British manufacturers of gas engines turns 
out 60 per week. 

While the United States has heretofore 
been rather backward in the use of this 
form of prime motor, during the past year 
there has been evidence of an awakening of 
interest, both on the part of manufacturers 
and of the public directly interested. The 
lack of interest previously manifested is 
difficult to understand, for the merits of the 
gas engine rest upon such solid foundations, 
as demonstrated by European practice, that 
neglect in recognizing them in this country 
is somewhat singular. 

Much has been said, but upon insufficient 
premises, concerning the lack of regulation 
in gas engines, and consequently their inap- 
plicability to electric lighting. In the first 
days of the incandescent lamp much was 
also said in the same connection concerning 
the steam engine, but in a very short time 
types were upon the market that left noth- 
ing to be desired on that score. At the pres- 
ent time guarantees can be obtained from 
the manufacturers of gas engines intended 
for electric lighting service, which are per- 
fectly satisfactory as to regulation. 

In the case, however, of the purchaser of 
a steam engine, for incandescent lighting, 
he seldom failed to exercise the necessary 
discrimination, nor objected to pay the 
higher price for an engine specially fitted 
for that service. He was guided in this by 
the practice of calling such engines ‘‘auto- 


matic” or ‘‘electric light” engines, and was 
thus less likely to invest in engines not rec- 
ognized as coming within such a classification. 
The lack of such a guide in the purchase of 
a gas engine has undoubtedly resulted in 
much dissatisfaction. In instances where 
gas engines have failed to give satisfactory 
results in electric lighting, it will generally 
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be found that a cheap type has been used 
from which good results could no more be 
expected than from a saw-mill steam engine 
employed for the same purpose. 

The future of the gas engine is by no 
means confined to use in isolated lighting, 
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feet. Then each thousand cubic feet will 
give 200, 16-cP hour jets, or at the rate of 4% 
cent per jet per hour. 

At the rate of 33% cu. ft. of gas per elec- 
trical HP-hour (which is a liberal allowance), 
the same quantity of gas will generate 30 


FIG. 2.—HORNSBY-AKROYD. 


or to small powers. They have been made 
in sizes as large as 500 HP, and a number of 
central stations in Europe are operated by 
gas engines. One of the latest of these is at 
Belfast, Ireland, this type of prime mover 
having been recommended for use there by 
Prof. Kennedy, the eminent mechanical en- 
gineering authority, who acted as consulting 
engineer. Six engines are used and on test 
in ordinary service they showed a consump- 
tion of gas at the rate of 24 cu. ft. per HP 
hour. More recently the gas engine has 
been adopted as a prime mover at the Dan- 
bury (Conn.) central station, where it is 
giving much satisfaction. 

It is well known that a given illumination 


FIG. I1.—OTTO. 


may be obtained from electric lamps fed 
from a dynamo driven by a gasengine, more 
cheaply than if the gas were burned direct 
from jets. The comparison is simple to ar- 
rive at, which is done as follows: 

_ Assume that a 16 cp jet may be maintained 
with 5 cu. ft. of gas per hour, and that the 
price of the gasis $1.00 per thousand cubic 


Hp-hours, or 30 X 745 = 22350 watt-hours. 
With 5o-watt 16-cp lamps this will give 447 
lamp-hours. The cost per lamp-hour is thus 
499 cent, or less than x cent per lamp-hour 
—that is, less than half as much as the cost 
of burning gas direct from jets. As some 
manufacturers will guarantee a horse power 
on less than 20 cu. ft. of gas per hour, this 
comparison is an outside one. 

As an instance of the saving that may be 
attained from the use of the gas engine, the 
following figures have been published with 
reference to the Southampton (England) 
Public Library : 

The cost of electric lighting for a certain 
period, if current had been taken from the 

street, would have been 

$240; the cost of gas at 62 

cents per thousand would 

have been $120; the actu- 
al cost of lighting from 
the gas engine plant in- 
stalled was $90 for the 
same period, 
Makers have guaran- 
teed large gas engines to 
» develop an hourly horse 
' power on 1 1b. of coal, 
using Dowson gas, and a 
usual guarantee for small- 
er sizesis the equivalent 
_ in gas of 1% lbs. of coal. 
Trials of large engines 
à have given a consump- 
tion of 17 cu. ft. of gas 
per 1. HP, and engines of 
even very small size 
have on test developed 
a horse power with 25 cu. 
ft. of gas per hour. 
P. With few or no excep- 
tions, all gas and oil en- 
gines now made work ac- 
cording to either the Otto or Clerk cycle, 
and are usually single acting. Since the 
expiration, about 1890, of the fundamental 
Otto patent, the four-stroke or Otto cycle 
appears to have entirely driven the other out 
of the field. 

With the Otto cycle and a single cylinder, 

there is one impulse to two revolutions of 
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the engine shaft, or to four strokes of the 
engine, the operation being as follows: 

I. A charge of gas andair (about ten parts 
of air to one of gas) is drawn in the cylinder 
on the in-stroke. 2. Upon the return stroke 
this charge is compressed, and is exploded 
when the piston arrives at the end of its out- 
stroke. 3. The pressure from the exploded 
gases drives the piston on its in-stroke. 4. 
The burnt charge or products of combustion 
are driven out on the return stroke. The 
next stroke is (1). 

With the Clerk cycle there is one impulse 
to each revolution, and the charge of air and 
gas is compressed in a second cylinder, or 
in the other end of the motor cylinder, the 
operation being as follows: 

1. A charge of gas and air forced under 


slight pressure into the motor cylinder,’ 


drives out the products of combustion when 
the piston reaches the end of its in-stroke, 
and this charge is compressed on the out- 
stroke. 2. The charge is exploded when 
the piston arrives at the end of its out-stroke. 
The second cylinder during the out-stroke 
draws in the gas and air charge, compresses 
it slightly on the in-stroke and then dis- 
charges it into the motor cylinder as des- 
cribed in (1). 

Oil engines do not differ from gas engines 
in their methods of operation, but, of course, 
have in addition a mechanism for vaporizing 
or spraying the oil. 

Below are illustrated and described the 
principal gas and oil engines now used in 
the United States, including several but re- 
cently placed on the market. 


set 
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an engine in which the regulation of the 
speed is so close as to admit of direct driv- 
ing of a dynamo and the obtaining of per- 
fectly steady lights, which previously could 
only be produced by 
the use of a cumber- 
some heavy balance 
wheel and counter- 
shaft. They state that 
they have hundreds 
of electric light plants 
in successful operation 
with installations 
ranging from two to 
300 HP. The latter is 
the largest single in- 
stallation for electric 
lights in the United 
States, and consists of 
three I00-HP engines ; 
running in the plant £ 
of the Danbury & 
Bethel Electric Com- — 
pany. 

The special features 


consist in having all 
valves, which are of 
the direct acting poppet valve type, placed 
in separate casings, which permits of their 
being easily removed for cleaning; and the 
use of atimed electric igniter, and separate 
water jackets around the cylinder. All bear- 
ings are bronze-lined with automatic ring 
oilers. Spiral valve gearing is used, thus 
dispensing with noisy running. The gov- 
ernor is of the well-known change-speed 
type. The en- 
gines are built 
in sizes from 
two to one 
hundred HP. 

— The Horns- 
== by-Akroyd oil 
engine, shown 
in Fig. 2, has 
one peculiarity 


| 
14 


FIG. 3.—BIRKHOLZ. 


In Fig. 1 is illustrated one of the latest 
types of the Otto gas and gasoline en- 
gines. The engine shown isof 9 actual HP 
directly belted toa dynamo. The makers 
of this engine ciaim to be the first to build 


which distinguishes it from the other heat 
motors of its class, which is that it has neither 
a hot tube, an electric spark, nora slide valve 
with flame to explode the charge of oil and 
air,and is therefore, perhaps, the simplest oil 
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enginer now on the market. A peculiar 


feature is that no attempt is made to vapor- 
ize the oil, or convert it into spray until it is 
injected 


actually into the combustiou 


FIG. 4.—WHITE & MIDDLETON. 


chamber. Hence the density of the oil is a 
point of no importance, and heavier petro- 
leum may be used than in most other en- 
gines. The specific gravity of the oil is 
usually about 0.850, and its flashing point 
150 degs. F., but the engine will work with - 
oil of specific gravity 0.854, and a flashing 
point of 220 degs. F., thus securing perfect 
safety in operation. 

The chief objection to gas and oil engines 
in general is the necessity of igniting the 
charge artificially, which objection is obvi- 
ated in the Hornsby-Akroyd type. The 
manner in which the explosion is obtained 
in this engine is as follows: 

The cylinder is provided with an exten- 
sion communicating with it by a relatively 
narrow neck. This extension is unjacketed 
and forms a retort in which the oil is 


FIG. 5.—WEBSTER. 


vaporized. Nothing but oilin liquid form 
is injected into the retort and only air 
is drawn into the cylinder. On the inner 
stroke of the piston air is drawn into the 
cylinder and oil is injected into the hot 
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retort. At the end of the stroke there is 
in the retort oil vapor, which is not in it- 
self explosive, and in the cylinder pure 
air which is also non-explosive, nor is there 
sufficient leakage from one to the other to 
make either charge explosive. On the re- 
turn stroke of the piston, the air is forced 
from the cylinder through the communicat- 
ing neck into the retort. For a moment the 
mixture of oil vapor and air is too rich for 
explosion, but as the piston progresses suffi- 
cient air is forced in to make the mixture 
naturally explosive. This automatic explo- 
sion is found to take place exactly as the 
piston is making the return stroke. Ignition 
takes place within the retort, the piston be- 
ing protected by a layer of pure air. 

Analyses made of the gases indicate that 
the oil is completely burned in the cylinder 
with an excess of oxygen. The products of 
combustion formed consist mainly of steam 
and carbon dioxide diluted with nitrogen 
and oxygen, traces of carbon monoxide being 
detected, so that the exhaust is not objec- 
tionable. The oilis sent to the retort by a 
small pump, which always supplies enough 
for the full power the engine is expected to 
develop. If less power is being used, the 
speed increases a trifle, and a high-speed 
Porter governor opens a by-pass and allows 
the surplus oil to return to a reservoir cast 
in the base plate. 

In Fig. 3 is shown the Birkholz engine, re- 
cently placed on the market, whose most 
important feature is the method of govern- 
ing employed, by means of which the num- 
‘ber of explosions is always the same, but the 
strength of the impulse is varied by the 
strength of the gas and air mixture. The 
makers state that a single cylinder, 2-HP en- 
gine equipped with this governor will hold 
the finger of a Weston testing voltmeter so 
still that it is almost impossible to observe 


FIG. 6.—PROUTY. 


a quiver. This particular engine is belted 
with an '‘ Acme ” link belt direct to a 2-Kw 
Bernard dynamo. 

The engine is of the four-cycle type, 
which, the makers claim, isthe simplest and 
best, as the piston does all the work—need- 
ing no other devices, which only complicate 
the machine. It is built in single, double 
and quadruple cylinders, the multiple cylin- 
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ders being employed for economy of space 
and gas, neatness of design, and to lighten 
the force of the explosions. The makers 
state that they do not depend upon multi- 
plying cylinders for steady power as a single- 
cylinder engine will govern almost as closely 
as a quadruple one. They consider that the 
vertical gas engine contains many features of 
superiority over the horizontal type; the 
rocking motion is almost entirely absent 
and where engines are placed in certain lo- 
calities such as the tops of building, this is 
a great advantage; the vertical type gives the 
engine a more mechanical appearance, and 
economiizes space, the 50 HP engine not ex- 
ceeding 5 ft. X 7 ft. of floor space. 

Where gas is used for fuel the hot tube is 
employed for igniting the charge, the tube 
being guaranteed not to burn out within a 
year. Electrical igniters are not reliable. 
All size engines are self starting. 

The principal feature of the White & 
Middleton gas and gasoline engine, shown 
in Fig. 4, is the method of exhausting 
through an open port in the cylinder, which 
port is uncovered by the piston near the end 
of its in-stroke. The operation of the en- 
gine, which works on the four-stroke cycle, 
is as follows: 

- The gas and air is drawn into the cylinder 
by the in-stroke of the piston, is compressed 
by the following out-stroke and ignited by 
an incandescent closed tube, the charge he- 
ing exploded and the impulse received on 
the in-stroke. The exhaust port in the side 
of the cylinder is uncovered by the piston at 
its extreme in-stroke, and nine-tenths of 
the products of combustion are discharged. 
This first discharge includes all the fire and 
heat. The balance, one-tenth, of the burnt 
charge remaining in tbe cylinder at atmos- 
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When the engine runs at its full capacity the 
valves open at every other revolution; when 
less work is required they do not opeu as 
often. The incandescent closed tube igniter, 
which fires the charge, works with positive 
and prompt ignition without the loss of a 
single charge even with a speed of 400 r. 
p.m. The tube is a one-quarter inch pipe, 
closed at the top and screwed into the cylin- 
der, and is kept red hot by a Bunsen burner. 


FIG. 8.—RUGER. 


The charge of mixture under compression 
rushes up into this incandescent pipe and is 
ignited. : 

The Webster gas and gasoline engine is 
illustrated in Fig. 5. The makers claim 
high economy and close regulation for this 
type. All engines are tested to assure these 
points before sending out, by being run con- 
nected with a dynamo, the current from 
which lights a bank of incandescent lamps. 
The engine uses the hot tube or the electric 
method of ignition, or both are fitted, as 
desired. 

Where gasoline is used, gravity flow is not 
used, a pump delivering into the vaporizing 
chamber the small amount of liquid required 
for each explosion. There is never remain- 


FIG. 7.—‘' NEW ERA.” 


pheric pressure is expelled through valves at 
the end of the cylinder by the following 
out-stroke, which completes one working 
cycle. This second, or supplemental, dis- 
charge contains no fire or heat to affect the 
valve, but merely discharges the small por- 
tion of foul gases left in the cylinder. The 
valves are all of the poppet type, and a ball 
governor controls the admission of the gases. 


ing in the vaporizing chamber over three or 
four tablespoonfuls of gasoline, the remain- 
der passing at once back to the supply tank 
through the overflow pipe. 

The Prouty gasoline engine is shown in 
Fig. 6. In the small sizes of this type the 
cooling water is contained in atank over the 
piston, as in the engraving, and circulates 
by gravity. The gasoline tank is usually 
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attached to the engine at the side. The 
amount of water required is stated by the 
manufacturers to be very small, a few pail- 
fuls being sufficient for the 5-HP size. 

The “ New Era ” gas engine, shown in Fig. 
7, is of the four-stroke cycle type, and manu- 
actured in sizes from 1oto 60 HP. Among 
the features claimed for the machine are 
slow speed and very heavy parts, which 
assure longer life and high economy. 

Coal gas, natural gas or gasoline can be 
used for fuel, and when so ordered the engine 
is built to change from one to the other 
without stopping. The water-jacket (which 
in all gas engines should be cleaned once a 
year) can be reached by simply removing 
the cylinder head. The valves and ig- 
niter are all operated by cams on a single lat- 
eral shaft driven from the crank shaft by 
spiral gears. The governor is of the ordi- 
nary ball type, driven by bevel gears on the 
lateral shaft, and can be adjusted for the 
engine to run at any desired speed within its 
limits. When the speed is above normal, 
the governor cuts out the fuel and continues 
to do so until reduced to normal, when fuel 
is again taken. At times when the fuel is 


FIG. 9.—LAMBERT. 


cut out, fresh air is drawn in and exhausted 
by the action of the piston, which not only 
insures the complete cleaning out of all 
burnt gas, but tends to cool the valves and 
cylinder. 

The valves are all of the vertical poppet 
style, and are self-cleaning, and any one of 
the working parts can be removed very 
quickly without disturbing any other part. 
When gasoline is used, the supply tank is 
usually buried in the ground, outside the 
building, and a pump on the engine pumps 
the fluid to the engiue, where its admission 
to the cylinder is controlled by the injector 
valve. What fluid is not needed returns to 
the supply tank by an overflow pipe. No 
explosive mixture is contained about the 
engine, consequently the use of gasoline is 
as safe as gas, as none of the fluid is exposed 
tothe air. The makers state that the ‘‘ New 
Era ” engine will start as readily in winter as 
in summer, and that its construction is such 
that any man of ordinary ability can soon 
learn to handle it with perfect ease. 

A 1o0-HP Ruger gas and gasoline engine 
is illustrated in Fig. 8. The same type is 
made in vertical forms for powers of 8 HP 
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and less. The Ruger gasengines have three 
simple poppet valves and two valve cham- 
bers, which are reduced to two and one, re- 
spectively, when fitted for gasoline. The 
valves can be easily removed and put back 
in place in a minute’s time, and no fine ad- 
justment is required with them or elsewhere 
about the machine. Hot-tube or electric 
igniters are fitted, the former being recom- 
mended by the makers. 

The governing is accomplished by auto- 
matically controlling the exhaust valve— 
that is, holding it open when the speed is up 
to the normal. This method is claimed to 
be economical, as well as efficient, since it 
relieves the piston from doing work in com- 
pressing idle charges of air when the engine 
is running light. The governor is sensi- 
tive in action, the work thrown on it being 
very light, as its function is merely to indi- 
cate the time that the engine is to take an 
impulse. When required, a device is attached 
for changing the speed of engine while in 
motion, which is sometimes found advanta- 
geous. 


[VoL. VIII. No. 7. 


The valves of the Lambert engine are of 
the direct acting poppet type, lifting 
squarely from their seats and require no 
oiling and little or no attention to cleaning. 
When used for gasoline a new form of gas 
vaporizer is employed, called the ‘‘ mixer.’’ 
A small amount of gasoline is brought in 
contact with the current of air as it passes 
through the mixer into the cylinder, where 
it is ignited and entirely consumed before 
another charge is admitted. By this simple 
device the makers claim to have entirely 
overcome the danger from gasoline, by using 
it raw directly from the tank, and by keep- 
ing it closely confined in an iron pipe and 
tank until it is admitted into the mixer and 
cylinder in small charges controlled by the 
valves. 

A revolving slide rod carries the sparke 
cams and the governor wheel, and is driven 
by a noiseless spiral gear on the crank 
shaft. The governor is automatic and not 
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FIG. 10.—FAIRBANKS-MORSE. 


In the manufacture of these engines the 
interchangeable system has been adopted, 
standard gauges, reamers, jigs and templates 
being used, so that any part, from a new 
piston ring toa new base, can be ordered 
with the certainty of its fitting. 

The Lambert gas and gasoline engine, 
shown in Fig. 9, operates on the four-stroke 
cycle principle, there being an explosion at 
every second revolution. Instantaneously 
with the in-stroke of the piston the receiving 
valves open and admit into the cylinder gas 
or gasoline and air in a definite proportion 
to make an explosive charge. 

These valves close just as the piston starts 
on its out-stroke, and the valves all being 
closed, the movement of the piston com- 
presses the charge, which is ignited by the 
electric spark just as the piston starts on its 
in-stroke. The result of this ignition is the 
combustion of the charge previously ad- 
mitted. The expansive force of this com- 
bustion is exerted against the piston, and 
its power is transmitted through the con- 
necting rod and crank shaft to the fly- 
wheels, and after expending its force, it 
passes off through the exhaust. 


- only controls the flow of the gas or gasoline, 


admitting air and fuel in proper proportions 
and quantities, to maintain an even and 
economical running of the engine, but in 
addition shuts off the flow entirely whenever 
the speed of the engine is reduced below a 
limiting point. This prevents waste and any 
trouble liable to occur by a free and unin- 
terrupted admission of the fuel. The gover- 
nor is so constructed that the speed can be 
changed instantly while the engine is in 
motion. 

The manufacturers of the Lambert engine 
prefer electric ignition to hot-tube ignition. 
The sparker, which is operated by an elec- 
tric battery of the Edison-Lalande pattern, 
is a simple and compact device for making 
the electric spark within the cylinder. It is 
fitted into the head of the cylinder, and as a 
whole may be conveniently removed from 
its seat on the head of the cylinder, and 
through its opening the interior of the cylin- 
der may be examined. A hot-tube igniter is 
made so as to be interchangeable with the 
sparker for those who prefer to use hot- 
tube ignition. 

The Fairbanks-Morse gas and gasoline en- 
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gine, shown in Fig. 10, is one of the best 
known of American types and is made in 
sizes from 2 to 75 HP. One of the principal 
features claimed by the makers is the sim- 
plicity of mechanism, the number of parts 
being reduced to a minimum. Modern 
steam practice has been followed in the lo- 
cation of the governor, which is attached to 
the flywheel, thus dispensing with gears 
and belts. The hot-tube igniter is used. 
Referring to the gasoline engine, the oil 
is pumped continuously into a small brass 
reservoir at the engine, in which it is kept 
ata constant height. Air passing through 
a nozzle connected with this reservoir takes 
up sufficient oil to form a combustible 
mixture, the quantity of the mixture being 
regulated by the governor. The mixture is 
drawn into the cylinder on the in-stroke, 
and after being compressed on the out- 
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impossible and does away with rubbing sur- 
faces subject to wear and cutting. The valve- 
actuating mechanism is located under the 
crank case, where it is protected from dirt 
and grit and constantly and copiously lubri- 
cated, thus insuring a maximum of durabil- 
ity in these parts, which are usually consid- 
ered the delicate portions of a gas engine. 

The Westinghouse gas engine operates by 
the four-stroke cycle, but has two cylinders, 
thus receiving an impulse at every revolution. 
It regulates for changes of load by varying 
the amount of explosive mixture delivered 
at a charge, receiving an impulse at every 
revolution whether running fully loaded or 
entirely light. By this means the manufact- 
urers claim that a smoothness of running 
and regulation are secured which compare 
very favorably with the best steam engines. 
The makers state that this gas engine has 
given excellent re- 
sults when direct 
connected with a 
dynamo. 

In Fig. 12 is illus- 
trated the Bates 
“ thermic motor,” 
for the manufacture 
of which a company 
has recently been 
organized in Phila- 


FIG, II.—WESTINGHOUSE. 


stroke, the charge is exploded by an electric 


spark or hot-tube igniter, either being fitted 


as preferred. When an explosion is not re- 
quired, the exhaust valve is held open, thus 
relieving the engine of the work of compres- 
sion. The engine uses only two valves, 
which are of the poppet pattern, and both 
are water-jacketed. There is but one cam 
which, by means of a straight rod carried in 
suitable guides, operates the exhaust valve. 
The hub governor acts directly on the ex- 
haust valve rod. For the larger sizes of en- 
gines there is a “ self-starter” of extremely 
compact form and simple mechanism. 

In Fig. 11 is shown the Westinghouse type 
of gas engine, one of the most recent of new 
designs. This engine embodies in a general 
way the features of the well-known Westing- 
house steam engine, consisting of upright, 
self-contained construction and self-lubri- 
cation. 

The valves are all of the positively actu- 
ated poppet type, which renders clogging 


delphia. The engine forms part of the gas 
producer, the whole apparatus in the case of 
a 100-HP installation tested occupying a 
space of 15 ft. 9 ins. by 15 ft. 4 ins., and 13 
ft. 2 ins. high. 

The fuel from which the gas is generated 
is fed to a furnace (called ‘‘ gascogen’’), 
into which compressed air and steam are also 
fed, both of the latter passing through incan- 
descent fuel and thus generating the gas 
used in the engine. The gas before entering 
the engine is passed through a dust arrester. 

The cylinders of the gas engine are be- 
tween the air compressor and gas furnace. 
There are two of these, single acting and up- 
right, the diameter being 153% ins. and the 
stroke the same. The valve motion is ob- 
tained from a shaft extending across both 
cylinders, and driven by a vertical shaft 
geared in turn to the crank shaft. On the 
vertical shaft is a ball regulator which acts 
upon two cams controlling the valves. There 
are three valves on top of each cylinder, one 
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each for the gas, airand exhaust. The gas 
is exhausted into a ‘‘ regenerator,” where it 
passes around tubes through which com- 
pressed air for the furnace passes before en- 
tering the latter, and also air for the cylin- 
der exploding mixture. The engine is of 
the Otto four-stroke cycle type. 

The upper part of the engine cylinder is 
used as a steam boiler to generate steam for 
the gas furnace. To start the engine a 
smąll auxiliary steam boiler engine, air com- 
pressor and dynamo are required, the latter 
for firing the charge until the firing ‘‘plates’’ 
are sufficiently hot. Ina recent report by 
an expert to the company making the appar- 
atus, it is stated that 109.64 lbs. of coal will 
generate 100 HP during one hour. 

— eoe 
THE AMERICAN STREET RAILWAY CON. 
VENTION. 


The Fifteenth Annual Convention of the 
American Street Railway Association, held at 
St. Louis, Oct. 20-23, was the most successful 
in the history of that body, more than 1000 re- 
presentatives of the street railway industries 
being in attendance. The Association de- 
monstrated once more the vigorous spirit 
with which it is animated, and in better 
financial shape now than ever, promises to 
still further add to the high prestige it already 


FIG. I2.— BATES. 


enjoys. The exhibits were very creditable 
to the industry, and the papers of higher 
quality than at perhaps any previous meet- 
ing. 

At the election of officers, Mr. Robert Mc- 
Culloch, of St. Louis, was named president, 
and Mr. Chas. S. Sergeant, of Boston, Mr. D. 
B. Dyer, of Augusta, Ga., and Mr. C. F. 
Holmes, of Kansas City, Mo., first, second 
and third vice-presidents respectively. Mr. 
Thos. C. Penington, of Chicago, was re- 
elected treasurer. 

The address of the retiring president, Mr. 
H. M. Littell, dwelt upon the extraordinary 
prejudice existing against corporations, 
causing them to be regarded as legitimate 
objects of attack and spoliation, and urged 
a broadminded and conciliatory attitude 
toward the public on the part of street rail- 
way managers, inorder to allay the hostile 
feeling. Another menace referred to is 
the great increase in the number of negli- 
gence suits and the size of verdicts, and Mr. 
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Littell considers that in the discipline of the 
force lies the secret of preventing the ruin- 
ous losses which follow from damage snits. 
Six papers were read, two relating to ques- 
tions of management, and one each to track 


and track joints, street railway trucks, mod- . 


ern overhead construction and the power 
house. 

The paper by Mr. Robert McCulloch on 
“The Modern Power House,” contains a 
complete discussion of all the factors enter- 
ing, considered under the heads of location, 
building, steam generating apparatus and 
steam consuming apparatus. 

Coal and ash conveyors are recommended 
for use in power houses handling large quan- 
tities of coal, where the coal is all delivered 
at the same place, as by rail or boat, but are 
not considered profitable where coal is de- 
livered in small quantities in wagons and 
may be dumped in any part of the boiler 
room. Aside from acting as a smoke con- 
sumer, mechanical stokers are pronounced 
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less space, less wear on the cylinder anda 
more direct strain upon the foundations. 
While installing compound engines where 
there is condensing water is termed good 
practice, the case is doubtful with respect to 
non-condensing. Self-cooling condensers 
are referred to in favorable terms, as well as 
the use of storage battery auxiliaries though 
the high first cost of the latter is considered 
a great drawback. 

The general features of the design of a 
modern power house are shown in the ac- 
companying illustration. The engine room 
and boiler room are divided by a brick wall 
and under different roofs; both are brick 
buildings, covered with an iron truss roof; 
the boiler room is set on the grade of the 
street, and the engine room ten or twelve 
feet above this grade, the space below the 
engine room being utilized for the piping 
and condensers; the engine and boilers are 
set at right angles to the wall between them, 
with the engines next to the boiler room, so 
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NOTES. 


The Inventor of the Arc Lamp.—A monument 
was dedicated Sept. 27, at Saint-Hilaire-le 
Bonis, France, in honor of Archereau, whom 
the French claim to be the inventor of the 
automatic arc lamp. Waite, an Englishman, 
in 1846, produced the first automatic 
mechanism for regulating the arc, consist- 
ing of wheel-work and a differential gear to 
turn a screw-feed one way or the other. 
Archereau, who was an architect of Rouen, 
invented his lamp in 1848 or 1850. This 
consisted of a solenoid in which the lower 
carbon magnetically floated, being counter- 
balanced by a weight. Prof. S. P. Thomp- 
son pronounces this lamp to be the fore- 
runner of all arc lamps, having no clockwork 
and its action depending on the balance 
between gravity and the pull of an electro- 
magnet. The first commercial arc lamp 
was that of Serrin, developed previous to 
1860, the second in order being that of 
Foucault and Duboscq (1863), which for years 
was part of the physical apparatus of col- 
leges the world over. 


Telephone Patents.—Among the strongest 
patents held by the American Bell Telephone 
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to have no advantage, and owing to the fact 


that they cannot be forced they entail a 


greater boiler capacity. 

The advantages and disadvantages of dif- 
ferent types of boilers are pointed out, and 
the statement made that the high efficiencies 
obtained in boiler tests are seldom reached 
in actual practice, as they usually result, not 
so much from excelJence in design in the 
boiler itself as from careful and intelligent 
firing during the test. 

The method of induced draft, whereby 
long smoke pipes are dispensed with and 
an induced draft produced by fans, is favor- 
ably commented on, the greatest advan- 
tages lying in the control it gives in govern- 
ing the fires and in permitting economizers 
to take up practically all of the heat of the 
furnace gases, as none is required to main- 
tain a draft. 

As to engine piping, the best plan is pro- 
nounced to be the use of a single header 
divided at convenient intervals by valves, 
according to the size of the plant and 
number of units employed. A separator 
should be placed in the leader to every en- 
gine. 

Direct connected generating units are 
highly favored, and vertical engines de- 
scribed as having the advantages of taking 


that the piping is made as short as possible 
and the condensation lessened; the switch- 
board and feeder-board are set on the oppo- 
site side of the room from the boiler room, 
so that the length of the dynamo cables is 
equalized as much as possible. 
features of this design may be summed up 
as follows: It is compact, to save realestate 
and buildings and to minimize the number 
of employes and the superintendence. 
Large units are used for the sake of econ- 
omy and to save the number of working 
parts. The building is, as far as possible, 
fireproof. 
—_ +e 

Lewis Institute.—The class-study sessions of 
the Lewis Institute, of Chicago, were opened 
for the present season on Nov. 6. Among the 
branches taught in evening classes are me- 
chanical and machine drawing, structural 
iron work, mathematics, including the ele- 
ments of the calcalus, physics and chemistry. 
The course, which also includes shop-work, 
is taught two evenings a week, throughout a 
session of eighteen weeks, the tuition fee 
being $5. Prof. Charles W. Carmen has 
charge of the course in physics, Mr. Fred A. 
Rogers that in mathematics, and Prof. Paul 
M. Chamberlain is in charge of drawing and 
machine designs. 


The general 


interest aside from those of Bell and Berliner, 
were two relating to the details of telephonic 
operation. One of them—the Roosevelt— 
covering the telephone hook switch expired 
May 27 of the present year. The other is 
the Watson patent which claims the combi- 
nation of the induction coil with any form 
of a switch which severs the ‘‘ call ” circuit 
and ‘‘ makes ” the talking circuit, or vice 
versa, thus including the particular form of 
switch covered by the Roosevelt patent. 
This patent was supposed to have life until 
1900, but the discovery has just been an- 
nounced of a corresponding Canadian patent 
taken out by Watson which expired July 30, 
1895. As according to United States law a 
domestic patent expires with the expiration 
of a corresponding foreign patent, the 
Watson patent is therefore no longer in 
force in this country. A representative of 
the American Bell interests has stated that 
the existence of the Canadian Watson patent 
was unknown until brought to their atten- 
tion in the prosecution of an infringement 
suit, Watson himself having forgotten about 
it. 


An Electric Farm.—Last spring one of the 
sensational New York newspapers published 
an illustrated and highly circumstantial ac- 
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count of an ‘electric farm ” at Tom River, 
N. J., owned by one Thomas Fleming. 
Plows, rakers, harrows, mowers and reapers 
were all worked by electric motors. Weeds 
were killed by dragging a wire netting, 
heavily charged, over the field or between 
rows of plants, and electricity was applied to 
assist the growth of plants, both by means 
of underground currents and the arc light. 
Among some of the results of electric cul- 
tivation were radishes 17 ins. long, egg 
plants weighing 6 pounds, cabbage 2 ft. in 
diameter, lettuce 3 ft. tall and 2 ft. across 
the head, etc. The story, which was ac- 
cepted in good faith by the newspaper press, 
was widely copied throughout the country, 
and we note that it has finally reached Eu- 
rope. For a while after the article appeared 
Tom River was a Mecca for the curious, and 
the victims of the hoax doubtless vented 
many deep and loud curses against the sensa- 
tional sheet which perpetrated it. They 
doubtless also have had their opinion greatly 
lowered of a profession with whose mem- 
bers the swarm of electrical fakes circulated 
in the newspaper press originate—for this, 
like many other similar stories, bears evi- 
dence of having been written by an edu- 
cated electrical engineer. 


A Fortunate Contract.—One well acquainted 
with the circumstances relates, apropos of 
the recent failure of The E. S. Greeley & 
Company, the following story concerning a 
certain telephone contract refused by that 
company and reluctantly accepted by an- 
other. In the early days of the Bell telephone, 
its management being unable to induce the 
former house (then L. G. Tillotson & 
Company) to manufacture telephone appar- 
atus, finally arranged to that end with Mr. 
Charles Williams, Jr., of Boston. It soon 
happened that the Bell people could not 
make cash payments, and Mr. Williams was 
finally persuaded, much against his inclina- 
tion, to accept a supposed equivalent in orig- 
inal Bell stock. Mr. Williams did his best 
to dispose of this stock to his customers and 
workmen at twenty-five cents on the dollar, 
but as they insisted on ready money, he at 
last had a trunk full of Bell stock, which he 
kept because he ‘could do nothing else with 
it. When the public later became convinced 
of the value of the telephone, and local com- 
panies were everywhere formed, it is ‘a 
matter of history how enormously valuable 
the stock became; and besides, Mr. Williams, 
as one of the original stockholders, re- 
ceived three shares for each share he had at 
first held. As a consequence Mr. Williams 
became a very rich man, and not long after 
retired from business. | 


Will There Be a Telephone War?—The cele- 
brated seventeen-year contract between the 
American Bell Telephone Company and the 
Western Union Telegraph Company, the 
terms of which prevented either company 
from trespassing on the field of the other, 
expired by limitation on Nov. 1. Under the 
contract the American Bell has paid no less 
‘than $8,000,000 to the Western Union Com- 
pany, since 1893 the annual payments hav- 
ing been $600,000. Owing to an ambiguity 
in one of the clauses of the contract, the 
American Bell did not entirely keep out of 
the telegraph field. By the Van Rysselbergh 
system that company is enabled ,to use all 
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of its long-distance lines for telegraphic 
purposes without in any way interfering 
with telephonic transmission. Each tele- 
phone line furnishes two telegraph circuits, 
which latter have been leased to bankers and 
others as private lines. Owing to the un- 
settled state in which the telephone situa- 
tion will remain until after the United 
States Supreme Court decides the Berliner 
case, it is not probable that either company 
will take any action until that decision is 
announced. If the Berliner patent is sus- 
tained, the American Bell would be able to 
enter the telegraph field with impunity. In 
the contrary case, that company will be 
much better situated to enter into telegraphic 
competition over a limited but rich territory 
than the telegraph company will be to com- 
pete in the telephone business. 


The Electric Furnace.—M. Henri Moisson, 
the distinguished French electro-metallur- 
gist, delivered a lecture in the College of 
Physicians and Surgeons, at New York, on 
Oct. 27, during which, with the assistance 
of Mr. C. O. Mailloux, he experimen- 
tally illustrated some of the capabilities of 
the electric furnace. The furnace used at 
the lecture consists of a block of chalk about 
Io inches square and 7 inches deep, having a 
central conical cavity about large enough to 
contain an egg. Through opposite sides are 
openings into the cavity for carbon elec- 


trodes; when in operation a small crucible . 


rests on the bottom of the cavity beneath the 
electrodes, and the top is covered by a slab of 
lime, whose lower surface is somewhat hol- 
lowed over the crucible like the roof of a re- 
verberatory furnace. The material to be sub- 
jected to the intense heat of the furnace is 
placed in the crucible, the cover put in posi- 
tion and the current turned on. One of the 
experiments was the manufacture of dia- 
monds, during which a current of 250 am- 
peres at 60 volts was maintained for fifteen 
minutes. In the crucible had been placed 
some iron borings and very pure carbon, and 
at the end of the experiment the crucible 
and its contents were plunged into water. 
The diamonds thus made are very small in 
size and of little brilliancy, but M. Moisson 
is confident that commercial results may be 
achieved in the future. The theory of the 
process is that the liquified carbon im- 
prisoned inthe mass of the iron crystallizes 
on account of the enormous pressure to 
which it is subjected when the contents of 
the crucible are suddenly cooled. 


What Does it Mean ?—According to an ac- 
count published in some of the New York 
City newspapers, a serious difference of 
opinion exists between two factions of 
the Metropolitan Traction Company of that 
city, as to the relative merits of the under- 
ground trolley and compressed air systems 
of street traction. Mr. Wm. C. Whitney is 
represented as among those favoring the 
latter, while Mr. John D. Crimmins cham- 
pions the electrical system. In this connec- 
tion itis interesting to recall that early in 
the spring of the present year the Metropol- 
itan Company issued an official statement 
highly extolling the Budapest electrical 
system in operation on Lenox Avenue, which 
was stated to have withstood excellently the 
severe test offered by the worst season of 
the year. Several months later, however, 
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another statement was issued in which the 
Lenox Avenue system was discredited, the 
terms of the statement being contradictory 
to those of the earlier one without giving 
any satisfactory reasons for the change. 
Mr. Crimmins is stated to adhere to the 
views expressed in the earlier statement, 
believing that the Lenox Avenue system is 
an entire success. Among the reasons that 
have been offered to account for the opposi- 
tion to the underground trolley, are that, by 
an acknowledgement of its success, the 
chances of introducing the overhead trolley 
north of the Harlem and on cross-town lines 
would be minimized; that traction compa- 
nies in other cities in which Metropolitan 
Traction capitalists are interested, fear the 
effect on municipal authorities of the success 
of the underground trolley; and that the 
son-in-law of Mr. Whitney is interested in 
the adoption of the compressed air system. 


Supreme Court Opinions.—In a recent ad- 
dress Justice Harlan of the United States 
Supreme Court explains that Court's method 
of procedure in the consideration of cases 
brought before it, which information may be 
of interest to our readers at the present time in 
view of the great importance of the Berliner 
case recently argued before that Court. Each 
Justice is furnished with a printed copy of 
the record and with a copy of each brief 
filed, and each one examines the records and 
briefs at his chambers before the case is 
taken up for consideration. The cases are 
thoroughly discussed in conference—the 
discussion in some being necessarily more 
extended than in others. The discussion 
being concluded—and it is never concluded 
until each member of the court has said all 
that he desires to say—the roll is called, and 
each Justice present and participating in the 
decision votes to affirm, reverse, or modify, 
as his examination and reflection suggest. 
The Chief Justice, after the conference, and 
without consulting his brethren, distributes 
the cases so decided for opinions. No Jus- 
tice knows, at the time he votes in a particu- 
lar case, that he will become the organ of 
the court in that case; nor does any member 
of the court ask that a particular case be as- 
signed to him. The next step is the prepa- 
ration of the opinion by the Justice to whom 
it has been assigned. The opinion, when 
prepared, is privately printed, and a copy 
placed in the hands of each member of the 
court for examination and criticism. It is 
examined by each Justice and returned to 
the author, with such criticisms and objec- 
tions as are deemed necessary. If these ob- 
jections are of a serious kind, affecting the 
general trend of the opinion, the writer calls 
the attention of the Justices to them that 
they may be passed upon. The author 
adopts such suggestions of mere form as 
meet his views. If objections are made to 
which the writer does not agree, they are 
considered in conference, and are sustained 
or overruled as the majority may determine. 
The opinion is reprinted so as to express 
the final conclusions of the court, and is 
then filed. When an opinion of the court 
is on file and published, it may be taken as 
expressing the deliberate views of the court 
based upon a careful examination of the 
records and briefs by each Justice partici- 
pating in the judgment. 
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How to Compound a Dynamo. 

In a previous issue a method was given 
whereby a shunt dynamoalready in use could 
be compounded to take care of armature 
drop, or overcompounded to also provide 
for line drop. In this issue are two further 
articles on the subject, giving other methods 
of attaining the same end, both of which are 
models of simplicity. The method of Prof. 
MckKissick, like that described in a pre- 
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vious issue, involves the use of a trial coil, 
and also of a variable resistance and outside 
source of current, but otherwise is extremely 
That of Mr. Poole is 
particularly convenient of application, as it 


simple in its details. 


merely requires two voltmeter readings, no 
trial coil or external source of current being 
necessary. It is necessary, however, to deter- 
mine the resistance of the shunt coil, but 
this, as shown, can be done to a near enough 
approximation by simple measurements. 
Either method will enable an electrician to 
compound his dynamo, if shunt wound, 
without any probability of error, and at such 
a small expenditnre of labor and material, 
that he should not hesitate to take advan- 
tage of the opportunity thus offered to mod- 
ernize his machine. 
——_ +e — 

isolated Electric Piants for Country Residences. 

Elsewhere we print three articles on the 
subject of isolated plants for country resi- 
dences, which will repay careful perusal by 
our readers. Two of the articles refer to 
plants in operation, giving the various de- 
tails of installation and operation, and the 
third lays down in general form the princi- 
ples which should be observed in the design 
and installation of such plants, and also 
gives valuable information on the care and 
management of storage batteries. It should 
be remarked that while with a properly 
designed plant of the above character expert 
attendance is not necessary in its operation, 
it should be inspected at definite intervals by 
an expert. : In justice to themselves, con- 
sulting engineers and others drawing up 
specifications for a plant, should include a 
clause providing for such inspection. Other- 
wise it is likely to be not done, whether 
through neglect, supposed economy or re- 
luctance on part of the attendant to sub- 
ject his stewardship to criticism. 


As part of a country residence electric light- 
ing plant, a storage battery should be consid- 
A plant without this 
appendage would, almost undoubtedly, be 


ered indispensable. 


found in time so unsatisfactory as to cause it 
to be thrown out, or lead to the addition of a 
battery under circumstances as to proper in 
stallation, less favorable than if it were in- 
One of the 
advantages of the addition of a storage 
battery that should not be lost sight of, is 
that it involves a generating plant of smaller 


cluded in the original plans. 


capacity than if the lighting were depend- 
ent on the dynamo alone. By connecting 
the lamps on two circuits, these can ordi- 
narily be run together from the battery, and 
separated on special occasions when there is 
an abnormal demand for light, one circuit 
being then fed direct from the dynamo. The 
addition of a wattmeter is also advisable, 


which may be so connected that when 
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switched on the charging circuit, a shunt di- 
verts a portion of the current corresponding 
in amount to the storage loss, thereby ren- 
dering the battery charging and discharging 
readings equivalent to each other. 


The American Street Railway Association. 

The recent St. Louis Convention of the 
American Street Railway Association was 
in several respects the most successful yet 
held by the body. The attendance was the 
largest in its history and the papers read 
were of a higher average than at any pre- 
vious meeting. The discussions, it is true, 
were limited, but this is perhaps to be 
ascribed to the discomforts of the meeting 
room rather than to any lack of interest in 
the subjects treated. One of our contempor- 
aries has very wisely said that ‘‘the genuine 
business of an association of this character— 
the papers and the discussion of problems of 
practical importance to members—must al- 
ways be the real foundation of the conven- 
tion structure,’’ and therefore the first care 
in arranging for a meeting should be the se- 
lection of a hall best adapted to further 
these ends. Heretofore, however, this feat- 
ure has been subordinated to the trade ex- 
hibition part of the programme. The selec- 
tion of a suitable hall to contain the exhibits 
has been the first consideration, which has 
usually involved more or less of a sacrifice of 
what should be the main object of the con- 
vention, as outlined above. 


The papers read before the Convention 
and the discussions that took place were of 
distinctly more conservative character than 
in the case of the proceedings of the purely 
electrical associations. The absence is also 
to be remarked of leading electrical and 
mechanical engineering authorities, whose 
presence adds so much to the interest of the 
proceedings of the latter. While it is true 
that the membership of the Association are 
business rather than professional men, vet 
they could nevertheless derive much advan- 
tage from opinions of scientific or engineer- 
ing authorities expressed in papers or drawn 
out during discussions, concerning disputed 
points or new developments affecting the 
street railway industry. For example, the 
subjects of the relative economy in street 
railway service of simple and multiple 
steam working, the application of alternat- 
ing currents to railway traction, the advan- 
tages of storage battery auxiliaries, 
Bell, 
Scott, Lloyd and others of similar compe- 


etc., 


with Steinmetz, Emery, Mailloux, 
tency in the audience to call on for informa- 
tion, would undoubtedly largely increase 
both the value and interest of the proceed- 
ings. Though the subjects may be scientific 
in character and even highly so, it should be 


possible to have their practical aspects, un- 
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der the questioning of railway managers, 
thoroughly elucidated. It is to be hoped 
that the Association may at future meetings 
secure a larger attendance of the element 
referred to, which is always willing to 
place itself at the disposal of bodies repre- 
senting the industrial interests of their pro- 


fession. 
en E 
The Berliner Patent. 


The suit of the Unites States vs. the 
American Bell Telephone Company, etal, 
reached a hearing before the Supreme Court 


of the United States on Monday, Nov. 9. 


The object of this now famous suit is the 
cancellation of the 1891 Berliner transmitter 
patent, owned by the American Bell Tele- 
phone Company. This patent was applied 
for by Emile Berliner on June 4, 1877, and 
after lingering in the Patent Office for more 
than fourteen years, was finally issued on 
Nov. 17, 1891, to the American Bell Tele- 
phone Company, assignee of Berliner. It is 
claimed that this patent covers broadly and 
fundamentally the apparatus necessary for 
the transmission of speech by means of a 
varying current transmitter. In other 
words, that it is a fundamental microphone 
patent, covering all forms of transmitters 
which can be used, and have been used, for 
the successful transmission of speech com- 
mercially. We refer our readers to another 
column containing a more extended dis- 
cussion of this noted case. 


The importance of the decision of the Su- 
preme Court cannot be overestimated, not 
only on account of the vast interests at 
stake—the monopoly of the American Bell 
Telephone Company on the one hand, and 
the interests of the public on the other—but 
also on account of the still greater question 
at issue—an attack, according to Government 
Counsel, upon the equity of our patent laws. 
The Supreme Court is, in fact, asked to 
decide whether a great corporation, or an 
individual, can successfully prolong its mon- 
opoly under a patent granted, by delaying an 
apparatus patent fourteen years in the 
Patent Office before its issue, in the mean- 
time reaping the exclusive profits from the 
use of this identical apparatus under the 
protection of a method patent, thus actually 
‘prolonging the monopoly to more than 
thirty-two years. 


The case has already passed through the 
Circuit Court, District of Massachusetts, 
where Judge Carpenter adjudged in favor 
of the United States; and through the Cir- 
cuit Court of Appeals of the sme District, 
on appeal by the American Bell Telephone 
Company, where Judge Carpenter was over- 
ruled in favor of the appellants. The 
United States has now brought the case to 
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the Supreme Court. As stated elsewhere, 
the main points at issue are the legality of 
the delays in the Patent Office, and the pat- 
entability of the principle of the transmitter 
in view of the 1880 receiver patent, which 
was on identically the same apparatus of the 
later patent, but under another name. 
Should the Berliner patent be declared void, 
the art of telephony will be free, aside from 
patents relating to details of exchanges. 
Next in importance tothe patent now in suit 
was that of Watson, and through the aston- 
ishing discovery a few days ago of a lapsed 
Canadian patent, this is now free to public 
use. 


Gas Engines. 

The opinion is growing that the gas en- 
gine is destined to play in the future a large 
part in the generation of power. As re- 
marked elsewhere, its merits have been much 
more appreciated in Europe than in this 
country, there having been 15,000 sold there 
during the first ten years of the life of the 
Otto patent, while at present one manufact- 
urer in England alone turns out sixty en- 
gines per week. In Great Britain and Ger- 
many a number of central electric lighting 
stations use the gas engine as a prime mover, 
and it was adopted for the new station at 
Belfast, Ireland, upon the recommendation 
of no less an authority than Prof. Kennedy. 
More recently the Danbury (Conn.) central 
station followed European practice in this 
respect, having installed three 100-HP gas 
engines to run the electrical machinery. 
Whether justly or otherwise, the business 
management of the gas engine industry in 
this country has been the subject of some 
criticism as the cause of the little progress 
made, and we are informed that an order for 
a gas engine was recently placed in England 
on account of dissatisfaction on this score. 


The comparatively small period of time 
since the modern gas engine was invented is 
not, we believe, generally realized. Though 
the principle dates back definitely to a sug- 
gestion of Huyghens in 1680, and was experi- 
mented with in 1690 by Papin, the inventor 
of the steam engine, it was not put to prac- 
tical use until 1860, while all modern gas 
engines only date from the invention in 
1876, by Otto, of the four-stroke cycle prin- 
ciple, and the recognition of the necessity 
of compression to secureefficiency. In other 
words, the gas engine industry of to-day 
was nearly contemporaneous in birth with 
that of arc lighting and telephony, and 
the machine itself is antedated by the con- 
tinuous current dynamo. 


That the coal economy of the gas engine 
is very high in larger sizes has been shown 
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by numerous tests. In atest made several 
years ago by Prof. H. W. Spangler, of the 
University of Pennsylvania, of a 100-HP 
four-stroke cycle engine, an indicated horse 
power was developed on .83 lb. of combust- 
ible per hour, the efficiency of the gas pro- 
ducer being 69.1 per cent. or about the same 
as that of a steam boiler. This coal con- 
sumption efficiency of an actual gas engine 
is as great if not greater, than we can ever 
expect to attain with the steam engine, 
even under ideal conditions as to steam 
working. Asto the thermic efficiency, that 
of the gas engine is, of course, greatly in 
excess of the highest that is possible with 
the steam engine, whose upper limit of pos- 
sible temperature is much below that ob- 


taining in any of the present gas engines. 


The working efficiency of the gas engine, 
or its efficiency as a simple machine, is by 
no means as low as might be thought on 
account of the considerable heat losses in 
the water jacket and exhaust. A 17-HP gas 
engine, tested under the auspices of the 
English Society of Arts, transformed 21 per 
cent. of the heat energy of the gas used into 
mechanical work. The thermic efficiency 
of the same engine, or the ratio between the 
entire quantity of heat energy utilizable 
were the engine a perfect one having no 
preventable losses, and the total heat energy 
of the gas used, was 40 per cent. The work- 
ing efficiency, or the ratio between these 
percentages was therefore 53 per cent., 
which isa fair figure for the steam engine; 
a gas engine working efficiency as high as 
67 per cent. has been obtained, which is per- 
haps superior to that of any steam engine. 


In a test made by Prof. Unwin, of the heat 
units supplied to a 4-HP engine, it was calcu- 
lated that 20 per cent. were accounted for by 
the indicator, 20 per cent. were carried off by 
jacket water and 6o per cent. passed away 
in the exhaust gases, in radiation, etc. As the 
perfect efficiency of the same engine is about 
40 per cent., there was thus only a possible 
saving of 20 per cent. Since there must be 
heat losses in the cooling water and exhaust 
gases, and as the superior temperature limit 
in the gas engine is permanently fixed by 
dissociation, it will be seen that when the 
thermic efficiency gets beyond 20 per cent. 
the margin of saving becomes small. A 
thermic efficiency of 41 per cent. has been 
recorded, corresponding to a working efh- 
ciency of 67 percent. and a consumption 
of 17 cu. ft. of gas per hour, which may be 
accepted as very near the best performance 
that can be expected from the gas engine. 
As this, however, corresponds to about three- 
fourths of a pound of combustible per hour, 
this conclusion is by no means discouraging, 
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HOW TO MAKE A WIMSHURST 
INFLUENCE MACHINE. 


This machine is the easiest of all static ma- 
chines to make, and one of the most satis- 
factory in its results. It is practically inde- 
pendent of the weather conditions. If made 
‘ as described herein, the machine will be 
capable of giving a continuous stream of 
two inch sparks, and will have sufficient 
power to excite a small Crookes tube, pro- 
vided that the terminals of the tube are very 
near together. 

The first and most difficult part of the 
work is to shape the glass disks. There are 
two of these and they are made exactly alike. 
They are to be twelve inches in diameter, 
and have a X in. hole in the center. In- 
asmuch as many are not familiar with the 
cutting of glass into such a shape a few 
hints will be useful. 

Select a piece of window glass of the cheap 


FIG I.—METHOD OF CUTTING GLASS DISKS. 


green variety. Better grade glass contains 
lead and is less suitable. The hole in the 
center should be bored first. Prepare a 
solution of camphor in turpentine and use 
it to keep the boring tool moist. The boring 
tool may be made of a rat tail file. The end 
should be snapped off and the boring per- 
formed with a twisting motion of the hand, 
care being taken to keep the file moist. 
Patience is necessary and when the hole gets 


so deep that it is nearly ready to break 


through, it is necessary to proceed with ex- 
treme caution. Once safely through the 
hard part of the work is done. The hole 
must now be cautiously filed to size, still 
using the camphor and turpentine as a 
moistener. A mark to work by may be 


.. =—— e =- — 


$” 


EA 
4 


t A*A + 


———— 2° 


FIG. 2.—HUBS OF MACHINE. 


made by gluing a piece of cardboard carry- 
ing a hole of proper size on to the side of 
the glass. 

Having completed the hole, it remains to 
trim the edge of the glass into circular form. 
This is a comparatively easy matter. Erect 
on a flat surface a little pillar of wood 
3f in. in diameter. Place the glass over 
this so that the pillar protrudes through 
the hole. Prepare a loop of string of such 
length that when it is looped around the 
pillar as in Fig. 1, the glazier’s diamond will 
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swing in a twelve inch circle. Be sure to 
use a glazier’s diamond, as the use of a 
cheap wheel glass cutter would be likely to 
spoil all the work in boring the holes. It 
may be better to have a glazier snap off the 
glass if the operator is not experienced in 
such work. 

Prepare the wooden hubs as shown in the 


FIG. 3.—SIDE SUPPORTS. 


drawing ( Fig. 2). Bush them with a brass 
tube % in. in internal diameter. These 
hubs are secured to the glass disks 
with cement. Major’s cement or marine 
glue is excellent, and bicycle tire cement 
answers very well. After this is done the 
disks should be thoroughly shellaced with 
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metal Jathe; should this not be available, the 
.metal parts can be made for a small sum by 
a machinist from the figured drawings in 


FIG. 6.—ARRANGEMENT OF SECTORS ON 
DISKS. 


is 3 in., and all of this part is threaded. 
The ends are turned down to } in. journals, 
as shown in the drawing. One of these 
journals is sufficiently long to pass com- 
pletely through its bearing and carry a small 
crank. The shaft is shown in Fig. 4, and 
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FIG. 4.—SHAFT. 


filtered shellac, and allowed to dry. In the 
meantime other parts may be prepared. 
The side supports are of wood, and hard 
maple is preferable. They are finished tothe 
size shown in the drawing (Fig. 3) and the 
holes in the upper part are of such size as to 
tightly fit the % in. shaft they support. 
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the bearing in Fig. 5. This latter may be 
cast in brass from a wooden pattern. 

The remainder of the wooden parts of the 
machine may be built and assembled as per 
drawing. They should be of hard, well sea- 
soned maple, and thoroughly varnished. 
The parts should be put together with glue. 
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FIG. 5.—ELEVATION OF MACHINE. 


This shaft does not revolve. The hubs with 
their glass disks revolve upon it. 

The shaft carrying the two wheels is the 
only part that requires the services of a 


Nails and screws are to be avoided. They 
will be necessary to hold the main supports 
of the machine in place and in some other 
places where the strain is great, but they 
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should be used sparingly. The whole should 
be given a coat of shellac varnish. 

When the disks are thoroughly dry they 
are ready to receive the tinfoil sectors 
(Fig. 6). There are twelve of these to each 
disk, and they are secured in place at equal 
angular intervals thereon. Follow the draw- 
ings closely and no mistakes can be. made. 
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holes at suitable intervals and soldering pin 
points into the holes. The combs may then 
be bent to shape. In Fig. 8 is illustrated the 
method of forming the comb. The sides of 
the enclosure are of hard rubber and serve to 
support the combs. A small binding post 
may be threaded into a hole at the curvature 
of the YJ of the comb, and with the aid of a 
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FIG. 7.—YOKE FOR CONNECTING OPPOSITE SECTORS. 


Shellac is to be used as an adhesive, and the 
edges of the sectors are to be covered with 
varnish, overlapping at least jj; in., to pre- 
vent dissipation of charge. This completes 
the disks. 

Mounted on the disk shaft with a tight 
driving fit are two pieces of hard rubber, 
(Fig. 7). These carry stiff wires, on the ends 


few washers the comb is neatly and securely 
held. See general view, Fig. 9. 

The other sides of the enclosure are of 
glass, both on account of its insulating qual- 
ity and transparency. The plates are held 
in place by pieces of rabbeted moulding 
mitered on to the sides of the upright pil- 
lars. If the construction is followed out as 


FIG. 8.—COMB. 


of which are light brushes made of tinsel. 
Each rubber piece carries two brushes, one 
at each end, and the two brushes are electri- 
cally connected. They are adjusted so as to 
just touch the sectors as the disks rotate 
and thereby put opposite sectors in contact. 
Their angular position can be easily adjusted 


FIG. 9.—GENERAL VIEW OF MACHINE. 


to the position where the working of the 
machine is found to be best. 

Two U-shaped combs collect the output 
from the disks. They are conveniently 
made by drilling a X in. brass rod with 


shown in the cuts, the glass and rubber 
plates will lift likea window sash and render 
the machine completely accessible. The 
disks are driven in opposite directions by 
means of a straight and a crossed belt from 
the shaft below. In making the metal parts 
of the machine, all sharp corners are to be 
avoided with great care, for at every corner 
the charge disappears and leaks away. 

The person building this machine must 
not be disappointed if at first trial it does 
not work at once. If the shellac is the 
least particle damp the machine will refuse 
to generate, but once dry it will generate 
without failure thereafter. The tinsel 
brushes must make positive contact with the 
sectors or the machine will not start. They 
must be so adjusted as to touch opposite 
sectors simultaneously. The best working 
angle for the tinsel brushes is 45° with the 
horizontal. The disks should rotate from 
the comb towards the nearest tinsel brush. 

The entire cost of the machine, assuming 
that all of the metal working that re- 
quires the use of machine tools is hired 
out, should not exceed $5. 


—_——_--___—_- 
Clouds and Horse Power. 


A calculation is given in a Bulletin of 
the United States Weather Bureau showing 
the immense quantity of energy expended 
in the formation of clouds. It is estimated, 
on the basis of the annual fall of water as 
rain or snow in the United States, that the 
work done in raising the rainfall to the 
clouds is equivalent to 1,920,000,000 con- 
tinuous HP, or the work of 5,000,000,000 
horses toiling ten hours a day—perhags a 
thousand times as many horses as there are 
in the United States. 
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HISTORY AND THEORY OF THE BATTERY 
TRANSMITTER. 


BY KEMPSTER B. MILLER. 


It has been shown that in order to trans- 
mit speech by electricity, it is necessary to 
cause an undulatory current to flow in the 
circuit over which the transmission is to 
be effected, and that the strength of this 
current must at all times be in exact accord- 
ance with the vibratory movements of the 
body producing the sound. 

Bell’s transmitter was used as the gener- 
ator of this current; as a dynamo, in fact, 
the energy for driving which was derived 
from the sound waves set up by the voice. 
The amount of energy so derived was, how- 
ever, necessarily very small and the current 
correspondingly weak, and for this reason 
this was not a practical form of transmitter, 
except for comparatively short lines. 

Elisha Gray devised a transmitter which, 
instead of generating the undulatory cur- 
rent itself, simply served to cause variation 
in the strength of a current generated by 
some separate source. He accomplished 
this by mounting on his vibrating dia- 
phragm, D (Fig. 1), a platinum needle, 2, 
the point of which was immersed in a fluid 
of rather low conductivity, such as water. 
The variable distance to which the needle 
was immersed in the fluid, due to the vibra- 
tion of the diaphragm, caused changes in the 
resistance of the path through the fluid, and ` 
corresponding changes in the strength of the 
current set up in the circuit by the battery, B. 
Instead of making and breaking the circuit, 
as did the transmitter of Reis, this instrument 
simply caused variations in the resistance of 
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FIG. I.—GRAY’S VARIABLE RESISTANCE 
TRANSMITTER. 


the circuit, and thereby allowed a continu- 
ous but undulatory current to pass over the 
line. The variations in this current con- 
formed exactly with the sound waves acting 
upon the diaphragm, and were, therefore, 
capable of reproducing all the delicate 
shades of timbre, loudness and pitch neces- 
sary in articulate speech. 

Gray thus established the principles upon 
which all successful battery transmitters are 
based, but it was not long before a much 
better means was devised for putting them 
into practice. 

In 1877, Emile Berliner, of Washington, 
D. C., invented a transmitter depending 
upon a principle previously pointed out by 
the French scientist, Du Moncel, that if the 
pressure between two conducting bodies 
forming part of an electric circuit be in- 
creased, the resistance of their point of con- 
tact will be diminished, and conversely, if 
the pressure between them be decreased, a 
corresponding increase of resistance will 
result. 

Berliner’s transmitter is shown in Fig. 2, 
in which 4 is the vibratory diaphragm of 
metal, against the center of which rests the 
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metal ball, C, carried on a thumb-screw, &, 
which is mounted in the standard, d. The 
pressure of the ball, C, against the plate, 4, 
can be regulated to any desired degree by 
turning the thumb-screw. The diaphragm 
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FIG. 2.—BERLINER’S TRANSMITTER. 


and ball form the terminals or electrodes of 
a circuit, including a battery and receiving 
instrument. When the diaphragm is vibrat- 
ing, the pressure at the point of contact, a, 
becomes greater or less, thus varying the 
resistance of the contact and causing cor- 
responding undulations in the current flow- 
ing. 

ae after this, Edison devised an instru- 
ment depending upon the peculiar property 
possessed by carbon of varying its resist- 
ance with changes of pressure. Edison’s 
first type of carbon transmitter consisted 
simply of a button of compressed plumbago 
bearing against a small platinum disk se- 
cured to the diaphragm. The plumbago 
button was held against the diaphragm by 
a spring, the tension of which could be ad- 
justed by a thumb-screw. 

A form of Edison’s transmitter devised by 
George M. Phelps, of Brooklyn, in 1878, is 
shown in Fig. 3. The transmitting device 


FIG. 3.—-PHELPS-EDISON TRANSMITTER. 


proper is shown in the small cut at the right 
of this figure, and is enclosed ip a cup- 
shaped case formed of the two pieces, 4 
and Z, as shown. Secured to the front of 
the enlarged head, ¢, of the adjustment 
screw, Æ, is athin platinum disk, F, against 
which rests a cylindrical button, G, of com- 
pressed lamp black. A plate of glass, /, 
carrying a hemispherical button, A, has at- 
tached to its rear face another platinum 
disk, Æ. This second platimum disk rests 
against the front face of the carbon disk, G, 
and the button, A’, presses firmly against 
the center of the diaphragm, D. The 
plates, F, and, Æ, form the terminals of the 
transmitter, and as the diaphragm, D, vi- 
brates, it causes variations in the pressure, 
and corresponding changes in the resistance 
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of the carbon fblock, G, thus producing the 
desired undulations of current. 

Professor David B. Hughes made the next 
valuable contribution tending toward the 
perfection of the battery transmitter. By a 
series of interesting experiments, he demon- 
strated conclusively that a loose contact be- 
tween the electrodes, no matter of what sub- 
stance they are composed, is far preferable 
to a firm strong contact. The apparatus 
used in one of his earlier experiments, made 
in 1878, is shown in Fig. 4, and consists 
simply of three wire nails, of which 4 and 
B form the terminals of the circuit contain- 
ing a battery and a receiving instrument. 
The circuit was completed by a third nail, C, 
which was laid loosely across the other 
two. Any vibrations in the air in the vi- 
cinity caused variations in the intimacy 
of contact between the nails, and corres- 
ponding variations in the resistance of the 
circuit. This was a very inefficient form of 
transmitter, but it demonstrated the princi- 
ple of loose contact very cleverly. 

It was soon found that carbon was by far 
the most desirable substance for electrodes 
in the loose contact transmitter, and noth- 
ing has ever been found to even approach it 
in efficiency. 


FIG. 4.—HUGHES’ NAIL TRANSMITTER. 


Another form of transmitter devised by 
Hughes, and called by him the microphone, 
is shown in Fig. 5. This consists of a small 
pencil of gas carbon, 4, pointed at each end, 
and two blocks, Z B, of carbon fastened to 
a diaphragm or sounding board, C. These 
blocks are hollowed out, as shown, in such 
a manner as to loosely hold between them 
the pencil, 4. The blocks, B B, form the 
terminals of the circuit. This instrument, 
though crude in form, is of marvelous 
delicacy and is well termed microphone. 
The slightest noises in its vicinity, and even 
those incapable of being heard by the ear 
alone, produce surprising effects in the re- 
ceiving instrument. This particular form of 
instrument is, in fact, too delicate for ordi- 
nary use, as any jar or loud noise will cause 
the electrodes to break contact and produce 
deafening noises inthe receiver. Nearly all 
carbon transmitters® of to-day are of the 


FIG. 5.—HUGHES’ MICROPHONE. 


loose contact type, this having entirely su- 
perseded the first form devised by Edison, 
which depended on the actual resistance of 
a carbon block being changed under varying 
pressure, 
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But one radical improvement now remains 
to be recorded. In 1881, Henry Hunnings, 
devised a transmitter wherein the variable 
resistance medium consisted of a mass of 
finely divided carbon granules held between 


FIG. 6.—HUNNINGS’ GRANULAR TRANS- 
MITTER, 


two conducting plates. His transmitter is 
shown in Fig. 6. Between the metal dia- 
phragm, 4, and a parallel conducting plate, 
B, both of which are securely mounted in a 
case formed by the block, D, and a mouth- 
piece, F, is a chamber filled with fine gran- 
ules of carbon, C. The diaphragm, 4, and 
the plate, Z, form the terminals of the trans“ 
mitter, and the current from the battery 
must therefore flow through the mass of 
granular carbon, C. When the diaphragm 
is caused to vibrate by sound waves, it is 
brought into more or less intimate contact 
with the carbon granules and causes a vary- 
ing pressure between them. The resistance 
offered by them tothe current is thus varied, 
and the desired undulations in the current 
produced. This transmitter instead of hav- 
ing one or more points of variable contact, 
is seen to have a multitude of them. It can 
carry a larger current without heating and at 
the same time produce greater changes in its 
resistance, than the forms previously devised, 
and no sound can cause a total break be- 
tween the electrodes. These and other ad- 
vantages have caused this type in one form 
or another to largely displace all others. 
Especially is this true on lines of great 
length. 

Up to this time all transmitters, together 
with the receiver and battery, had been put 
directly in circuit with the line wire. With 
this arrangement the changes produced in 
the resistance by the transmitter were so 
small in comparison with the total resist- 
ance of the circuit, that the changes in cur- 
rent were also very small and produced but 
little effect on the receiver. Edison reme- 
died this difficulty by using an induction 
coil in connection with the transmitter. The 
credit of this improvement, however, should 
be given largely to Gray, for in 1875 he had 
used an induction coil in connection with his 
harmonic telegraph transmitter, and Edison 
merely substituted a telephone transmitter 
in the circuits used by Gray. 

The induction coil used then and now is 
made as follows: Around a core formed of a 
bundle of soft iron wires is wound a few 
turns of comparatively heavy insulated cop- 
per wire, Outside of this and entirely sep- 
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arate from it, is wound another coil, consist- 
ing of a great number of turns of fine wire, 
also of copper and insulated. The inner coil 
is called the primary, the outer the second- 
ary. In telephone work it is now almost 
universal practice to place the transmitter, 
together with the battery, in a closed circuit 
with the primary of the induction coil, and 
to place the secondary directly in circuit 
with the line wire and receiving instrument. 
This is shown in Fig. 7,in which 7 is a 


FIG. 7.—TRANSMITTER WITH INDUCTION 
COIL. 


transmitter, B a battery, P and S the pri- 
mary and secondary, respectively, of an in- 
duction coil, Z Z’ the line wires, and Æ the 
receiving instrument. It is well to state 
here that the usual way of indicating the 
primary and secondary of an induction coil, 
in diagraphic representation of electrical cir- 
cuits, is by an arrangeinent of two adjacent 
zigzag lines, as shown in Fig. 7. A current 
flowing in the primary winding of the induc- 
tion coil produces a field of force in the sur- 
rounding space, and any changes caused by 
the transmitter in the strength of the current 
produce changes in the intensity of this field. 
As the secondary winding lies in this field, 
these changes will, by the laws of Faraday 
and Henry, cause currents to flow in the 
secondary winding and through the line wire 
to the receiving instrumient. In all good in- 
duction coils the electromotive forces set up 
in the secondary coils bear nearly the same 
ratio to the changes in electromotive force 
in the primary coil, as the number of turns 
in the secondary bears to the numiber of 
turns in the secondary bears to the number 
of turns in the primary. 

The use of the induction coil with the 
transmitter acconiplishes two very important 
results: First, it enables the teansmitter to 
operate in a circuit of very low resistance so 
that the changes in the resistance produced 
by the transmitter beara very large ratio to 
the total resistance of the circuit. This ad- 
vantage is well illustrated by contrasting 
the two following cases: 

Suppose a transmitter capable of produc- 
ing a change of resistance of one ohm be 
placed directly in a line circuit whose total 
resistance is 1000 ohms; a change in the re- 
sistance of the transmitter of one ohm will 
then change the total resistance of the cir- 
cuit one one-thousandth of its value, and 
the resulting change in current flowing will 
be but one one-thousandth of its value. 
the other hand, suppose the same transmitter 

to be placed in a local circuit as above de- 
scribed, the total resistance of which circuit 
is five olims; the change of one ohm in the 
transmitter will now produce a change of 
resistance of one-fifth of the total resistance 
of the circuit and cause a change of one-fifth 
of the total current flowing. It is thus seen 
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that fluctuations in the current can be pro- 
duced by a transmitter with the aid of an 
induction coil which are many times greater 
than those produced by the same transmitter 
without the coil. 

The second advantage is that by virtue of 
the small number of turns in the primary 
winding and the large number in the sec- 
ondary winding of the induction coil, the 
currents generated in the secondary are ofa 
very high voltage as compared with those in 
the primary, thus enabling transmission to 
be effected over much greater length of line 
and over vastly higher resistances than was 
formerly the case. Without the induction 
coil long distance telephony would be im- 
possible. 


INTERIOR WIRING. 


THE THREE-WIRE SYSTEM. 


If the positive terminal of an incandes- 
cent dynamo is connected to the negative 
terminal of a similar machine, the two are 
said to be in series and the available voltage 
at their terminals is equal to the sum of the 
voltages of the two machines. In this case, 
assuming the system to be one of 110 volts, 
this potential difference would be twice 
that, or 220 volts. If we should connect 
across the 220-volt terminals a 110-volt lamp, 
the latter would illuminate to a dazzling 
briliancy for a few moments and then burn 
out, or it might even explode, throwing glass 
in all directions. If two lamps in series are 
connected across these terminals, they will 
burn at their normal brilliancy provided 
they are exactly alike, and it is easy to see 
that a system could be devised with a volt- 
age of 220, by using two lamps in series in- 
stead of one as diagrammatically indicat- 
ed in Fig. 1. Such asystem would have a 
number of disadvantages. If one filament 
should fail, two lamps would be extin- 
guished. If both lamps were not of exactly 
the same resistance, the voltage would not 
divide equally between them, and one would 
be too bright while its mate would be too 
dim. Thus the one would have a fore- 
shortened life and the other would burn at a 
very uneconomical efficiency. Two lamps 
must thus be used. -° 


This system has the important advantage 


that it requires only one-fourth of the cop- 
per that an ordinary 110-volt system re- 
quires. This is best demonstrated by a 
sinple problem. Suppose that sixty lamps 
at a distance of one hundred feet from the 
bus-bars are to be fed with a loss in the 
wires of five per cent. of the total energy, the 
normal voltage of the system being 110o. 
Applying the well known rule, 

Line loss in volts 5.5 _ 

~ Lamp feet E Faki] on 

per foot for the proper wire. 

With the 220 volt system, each lamp 
sends tts current through another before re- 
turning it to the bus-bar and thus .5 ampere 
suffices for two lamps instead of I as with 
the other system; thus only half the current 
is to be transmitted at double the voltage. 
Now as to the energy lost in transmission. 
In this case the volts line loss is five per 
cent. of 220 0r 11 volts and as 15 amperes 
will supply the lamps the watts lost will be 
165. Similarly in the other case 30 amperes 
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flowed and 5.5 volts were lost in transmis- 
sion, making the watt loss 165, the same as 
with the 220 volt system. The proper size 
of the wire would, therefore, be as follows: 


Resistance of line ae .733 ohm and 
I 


the resistance per foot will be 283. ,003668 


or exactly four times as great as with the 
1lo-volt system, and therefore requiring a 
wire only one-fourth as large. To come to 
actual sizes, the wire for the 220-volt system 
would be No. 15 B. & S. and would perform 
the same service as a No. 10 wire in the 110- 
volt system. 

In spite of numerous disadvantages which 
this system possesses, the great saving of 
copper that it affords has been a substantial 
consideration, and several modifications 
have been miade to eliminate some of the 
more prominent objections while retaining 
in a marked degree the great merit saving of 
copper. 

Among other methods the device shown 
in Fig. 2 was tried. This idea is to connect 
together the portions of the circuit be- 
tween the lamps by a third wire. 

This obviates the necessity of turning two 
lamps on when only one is desired, and adds 


FIG. I.—220-VOLT SYSTEM. 


a little copper to the system. However, the 
system must be very nearly balanced or 
otherwise the lamps on the side where there 
are few would burn much brighter than the 
lamps on the side where there are many, and 
this objection has proven serious in practice. 
In fact, this method was only a make-shift 
to avoid the three-wire patents, 

The three wire system, pure and simple, 
merely embodies the device of connecting 
the middle wire of the system just described, 
to the common terminal of the two dynamos. 
This obviates every difficulty of operation as 
far as the lamps are concerned. Unevenness 
of lamp load merely throws more load on 
one dynamo than on the other, but in no 
way affects their operation. 

Suppose that a three-wire system existed 
where all of the lamps on one side are 
lighted and none on the other. It is obvi- 
ous that if it were the positive side the cur- 


FIG. 2.—MODIFIED 220-VOLT SYSTEM. 


rent would pass out through the positive 
wire and return through the middle or 
neutral wire. None whatever would return 
through the negative wire, because it is dis- 
connected and the corresponding dynamo 
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will have no load. Now if a single lamp be 
turned on on this side, a load is thrown on 
the dynamo and the current for a single 
lamp will leave the neutral and flow to the 
place of lower potential through the nega- 
tive return wire and dynamo. As the lamps 
are turned on one by one, a proportionate 
amount of current leaves the neutralto re- 
turn by the negative wire until at last when 
the number of lamps on both sides are equal, 
no current flows therein because the poten- 
tial difference between its ends is zero. 

If lamps on the positive side are now 
turned off there will be a current in the 
neutral, but it will be in the reverse direction 
and will increase in magnitude as the lamps 
on the positive side continue to be turned 
off. 

If the system is well subdivided—that is, 
the lamps are everywhere evenly distributed 
on either side of the neutral—the current 
flowing in the latter will be very small. In 
large installations, such as that of the New 
York or Boston Edison companies, the per- 
centage of current in the neutral wire is but 
afew per cent.of the current in the outer 
mains, sometimes flowing in one direction 
and sometimes in the other. 

In spite of the fact that the current that 
flows in the neutral wire is small, it does 
not follow that this wire should be small in 
proportion, for the loss of voltage in it is 
felt at the lamp terminals, causing inequality 
between the two sides. 

Consider a case where the neutral is the 
same size as the outer mains, Assume that 
the lamps are evenly divided and that in 
each outer main there is five volts drop. 


FIG. 3.—THREE-WIRE SYSTEM. 


The dynamos generate 115 volts each, and 
the lamps are fed at a voltage of 110. The 
neutral carries no current. Now, if all the 
lamps on one side are switched out, the cur- 
rent in the other main is not lessened, and 
an exactly equal current is now carried by 
the neutral. Five volts are lost in the outer 
main and five volts in the neutral. Thus 
the total loss is ten volts as before, but one 
set of lamps must receive the voltage of one 
dynamo less ten volts or burn at 105 volts. 
This is the extreme case and intermediate 
ones would show a proportionate loss in 
voltage. Hence a liberal neutral is desir- 
able even though it often involves a large 
quantity of idle copper. A common size for 
the neutral is one-half or two-thirds the size 
of the outer mains in street systems, but 
even if it were the same size as the latter 
the total copper would only be three-eighths 
of that of a 110-volt system of the same ex- 
tent, the line loss in watts being equal. It 
is poor practice to attempt to save on the 
neutral in interior wiring. 

In wiring a building by the three-wire 
system, it is often desirable to make the 
neutral double the size of the outer mains. 
This enables service to be taken from the 
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three-wire system, and by connecting the 
outer mains together and applying the ter- 
minals of a dynamo to one of the mains so 
connected and the other to the neutral, the 
system can be operated as a two-wire system. 

The line loss in this case will be double 
the value when the system is operating on 
the three-wire mains, and must be supplied 
by the generating dynamos if the lamps are 
to burn at the same voltage as before. Thus, 
if a r10-volt system of lamps wired as just 
indicated were properly lighted by a three- 
wire supply having a pressure of 115 volts, 
the dynamos necessary to run the system on 
the two-wire plan would need a voltage of 
120. The extra five volts are used by the 
neutral wire, which in the case of the three- 
wire system remained comparatively idle, but 
when the two-wire system is used carries 
double the current of one of the outer mains. 
In many large three-wire plants it is cus- 
tomary to put the neutral wire to earth, 
and this is important in interior wiring, as 
extra precaution must be taken. This will 
be discussed under details of wiring on 
the three-wire system, which will form the 
subject of the next article. 


FAULTS AND HOW TO FIND THEM. 


FAULTS IN REGULATORS. 


The new Brush regulator accomplishes all 
that the old one did, and, in addition, shifts 
the brushes to their new running position, 
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same way as by the old regulator—namely, 
by varying a resistance in multiple with the 
fields—but brush shifting is now effected by 
mechanical means. A small belt from the 
main shaft drives a pulley, which in turn, 
by means of a worm wheel transmission, 
drives a shaft at right angles to the main 
shaft at slow speed, but with considerable 
power. On this latter shaft are mounted 
two halves of two separate magnetic clutches. 
The other halves of the clutches are each 
mounted on a sleeve which is free to turn on 
the shaft. These sleeves carry bevel gears 
that mesh with another bevel gear, but on 
opposite sides. This latter gear is mounted 
on a shaft that is parallel to the main 
shaft. 

By consulting Fig. 1 it is easy to see that 
if one of the clutches acts and turns its 
bevel gear, the shaft last mentioned will be 
turned in one direction, while if the other 
clutch acts the motion thereof will be re- 
versed. This shaft carries also on its ex- 
tremity an arm which swings over contacts 
and varies the resistance in multiple with 
the field magnet. A pinion on the same 
shaft turnsa segment fastened to a long arm 
which is part of the yoke on which the 
brushes are mounted. Thus, when this shaft 
is turned, the resistance in parallel with the 
field is varied and the brushes are moved to 
a new position. The current is delivered to 


one or the other of the magnetic clutches, 
as may be needed, by a wall controller. 


FIG. I.—BRUSH AUTOMATIC ARC REGULATOR. 


which was formerly done by hand. The 
electrical regulation is accomplished in the 


The connections of this controller are 
shown in Fig. 2. In the left of the con- 
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troller is a resistance, one end of which is 


connected to the terminal of the field mag- ` 


net. The other end is grounded onthe coils 
of the magnet system within the box when 
the small magnet to the left attracts its 
armature. Two terminals of the clutch coil 
are connected together and to the terminal 
of the field magnet, in common with the 


other end of the resistance already referred | 


to. The lower terminals on the wall con- 
troller are connected to the free ends of the 
clutch coils, and by an examination of the 
mechanism it will be seen that if the main 
current which traverses the large wall con- 
troller magnets becomes too strong, one of 
the clutch coils is put in multiple with the 
wall controller resistance; while if it be- 
comes too weak, the other clutch coil is so 
connected. 


The clutch coils thus depend for their cur- 
rent on the difference of potential at the 
terminals of the resistence within the wall 
controller. If this is short-circuited, the 
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the forward clutch coil will insist on acting 
when it should not do so, and severe flashing 
at the commutator will follow. 

If the little magnet fails to act, it will 
drop its armature and an arc will follow, but 
the circuit will not be broken. Close the 
little switch that short-circuits the resist- 
ance in the left of the controllerand the are 
will cease. Regulate through the rest of 
the run by hand, and when the run has 
ended search out and remedy the short cir- 
cuit. The finding of short circuits, or in 
this case, grounds, has been explained in 
previous sections. If either clutch coil re- 
fuses to operate, look atthe wall controller 
and make sure that the appropriate contact 
is closed and that the clutch coil is receiv- 
ing currents. If this proves to be the case, 
it is probable that the clutch coils are either 
open or short-circuited. Appropriate in- 
vestigation and remedy should at once be 
instigated. 

The Wood arc machine has a very simple 


FIG. 2.—BRUSH ARC CONTROLLER. 


machine will cease to regulate, and a small 
switch shown in the figure is provided to do 
this. This switch must be closed on start- 
ing the dynamo, for when there is no cur- 
rent in the system, the little magnet in the 
wall controller will open its contact, and 
were not the switch closed as stated, a com- 
plete open circuit accompanied by failure to 
excite would result. 

The connection from d toe (Fig. 1) places 
a variable resistance in multiple with the 
clutch, which acts as the load increases. It 
has the effect of moving the brushes less as 
the load comes on for equal increments of 
load, a movement required by the peculiar 
reaction effects of the Brush armature. At 
full load the forward clutch coil is short-cir- 
cuited, thus preventing any further forward 
motion, which would result in a serious 
flash. 

The faults that can occur with the Brush 
regulator are the short-circuiting of the con- 
troller magnets and of the clutch coils, and 
also open-circuiting of the latter. Itis to 
be remembered that the forward clutch coil 
will test out short-circuited at full load posi- 
tion and that this is as it should be. If the 
magnet to the left be short-circuited, the 
clutch coil that moves the brushes backward 
will fail to act and if the load be thrown off 
to any extent, flashing will result. If the 
other controller spool be short-circuited, 


controller, and any faults that occur therein 
are very easy to find. It is made in two 
forms identical in principle, but differing in 
mechanical detail. On all but one size the 
arrangement is the same, but for this ma- 
chine—the 125-lighter—a special form has 
been designed. The Wood machine regu- 
lates by shifting the angular position of its 
brushes; there are four brushes in all, al- 
though the machine has but two poles. 
These brushes are arranged so that they 
come in pairs, and the pairs are diametrically 
opposite one another on the commutator. 
Part of the regulation is accomplished by 
moving the brushes as before stated, and the 
remainder by altering the distance between 
the pairs of brushes. These pairs are con- 
nected together and therefore they short-cir- 
cuit that part of the armature that is con- 
nected between the segments on which the 
pair rest. The greater the distance between 
the pairs the less will be the voltage of the 
machine. 

As the distance between the brushes of a 
pair varies as they together change in position 
on the commutator, it is clear that they must 
move at different velocity ratios. This 
movement is effected by purely mechanical 
means electrically controlled. A solenoid 
magnet is arranged to control a set of fric- 
tion wheels. Two friction wheels are driven 
by means of pinions from the main shaft in 
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opposite directions. If the core of the mag- 
net drops too far, a third friction wheel will 
engage with one of the two wheels already 
mentioned, thus being moved in one direc- 
tion; and if the magnet core rises too far 
the other wheel comes into play, imparting 
a reverse motion. The motion is trans- 
mitted to the brushes bya train of gears. 
The brushes are arranged on two yokes and 
each yoke is separately driven by the train 
at different speeds, thus accomplishing the 
results already indicated. 

The 125 light regulator differs only in 
mechanical arrangement. It uses friction 
clutches instead of wheels, and has a more 
powerful train of gears, The only possible 
faults that can occur aside from incorrect 
setting of the brushes, is the short-circuiting, 
open-circuiting or grounding of the operat- 
ing magnet. The magnet isa part of the 
main circuit and if it should be cut out by 
open circuit, all the familiar symptoms of 
open-circuiting an arc dynamo will occur. 
Short-circuiting or grounding will weaken 
the controlling magnet and cause it to regu- 
late for too large acurrent. A spring pro- 
vides for the adjustment of the current to 
which the dynamo regulates, within certain 
limits, but if the magnet loses strength from 
any of the three causes just recited, it ís 
probable that this spring cannot be weakened 
sufficiently to compensate,even if it be taken 
off completely. If any large adjustment of 
this spring suddenly proves necessary, it is 
probable that one of the faults referred to 
has occurred. Its correction lies, of course, 
in unwinding and reinsulating the faulty 
place. Mechanical faults are more tangible 
and are apparent on inspection, and it is 
therefore useless to discuss them here. 

4+ —___ 
REPAIR OF STREET RAILWAY 
APPARATUS. 


AUXILIARY WIRING IN RAILWAY CARS. 


Although by no means as complicated as 
the controller wiring, there is opportunity 
for considerable ingenuity in the wiring 
that supplies the lamps and heaters of elec- 
tric railway cars. Even the conductor sig- 
nals may be operated by the trolley current. 
For this latter purpose dry batteries have 
been frequently used, but in a road of 1000 
cars the maintenance of 3000 cells is no 
small item, and is the more objectionable 
when it can be so easily avoided. This arti- 
cle, therefore, will be devoted to kinks in 
auxiliary wiring of street railway cars. 

The potential at the disposal of the wire- 
man is 500 volts, or more often 550 to 600. 
Thus if roo-volt lamps are used they must be 
run in circuits of five in series, and if 50-volt 
lamps are employed, ten lamps in series are 
used. This is popularly supposed to limit 
the number of lamps on a car to five or some 
multiple thereof, and it is true of ‘he lamps 
burning. However,any number of lamps may 
be used on the car, and any five or multiple 
of that number may be lighted. By using 
this device a number of things may be done. 

For instance, it may be desirable to carry 
an electric headlight on the top of the car 
in addition to the one on the dasher, for use 
when the car is traversing long, dark coun- 
try roads; in the city districts the abundant 
illumination from the buildings renders this 
addition unnecessary. Similarly, the device 
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may be used to supply current to a recep- 
tacle in which the motorman may pluga 
portable light to examine the motor when it 
becomes disabled. In fact, a score of con- 
venient changes could be recited. 
Consulting Fig. 1, it will be seen that by 
manipulating the single-pole, double throw 
switches, a circuit may be formed through 
any five lamps of the set of ten there shown. 
It is obvious that the lamps may be placed 
anywhere about the car. For instance, the 
lower five might be the ordinary lighting 
lamps, and the other five could be auxiliary 
headlights or emergency portable lights, as 
might be necessary or desirable. By man- 
ipulating the proper switch, it is evident that 
any lamp within the car may be extin- 
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FIG. I.—SERIES DOUBLE LAMP CIRCUIT. 


guished and the corresponding auxiliary 
lighted. Moreover, there could be but one 
auxiliary as well as five. 

If there was never a time when the car is 
in operation that current was not flowing 
through some device, either a lamp, motor 
or heater circuit, the installation of an elec- 
tric bell to work with current from the 
trolley would be easy, but unfortunately 
there are times when the car isin active serv- 
ice when absolutely no current is to be 
drawn from the trolley. If a bell circuit is 
to be installed, it must contain a large series 
resistance which is not easy to obtain in 
ordinary forms. For this purpose incandes- 
cent lamps can be used with advantage, and 
special lamps of high resistance are con- 
structed for such purposes at these. In series 
with a suitable number of these lamps the 
electric bell with its button can be connected 
across the trolley wire and will work as well 
as if it were on an ordinary battery outfit. 
It is better to have a magnet wound with 
fine wire, as this operates with greater sat- 
isfaction on small current and high voltage. 

Another convenient way is to place a stor- 
age battery in series with the lamp circuit; 
when the lamps are on, it is charging and 
the belland buttons may be connected on to 
the storage battery in the ordinary way. 
The storage battery will always have charge 
sufficient to operate the bell and need not be 
touched from one year’s end toanother. A 
very small battery will suffice and the bell 
need not have a special magnet. 

The arrangement of lamps within the car 
has been more or less of a problem. The sizes 
of street cars in common use are such that 
five are too few and ten are too many, there 
is a similar condition of affairs as exemplified 
by Dr. Johnson’s roast goose, which in his 
opinion was too much for one and not enough 
fortwo. This problem in lighting is usually 
solved by using ten lights and illuminating 
the platforms and headlights. A very pretty 
combination is to have a three-light chande- 
lier in the middle of the car and two two- 
light chandeliers at the ends. This leaves 
out three lamps to be placed in other posi- 
tions on the car. It is customary to place 
one on each platform and one in the head- 
light. This is poor practice as regards the 
front platform. Like an engine cab, it 
should be perfectly dark to facilitate observ- 
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ation ahead. It is far better to install the 
extra lamp on the rear platform, or possibly 
inthe headlight. 

A combination much used is to have two 
four-light chandeliers in the car, leaving two 
extra lights—one for the headlight and one 
for the rear platform. The distribution of 
light is not as good in the interior of the car 
as in the first case. Sometimes four two- 
light chandeliers are preferred to two four- 
light ones, and in the writer’s opinion this 
arrangement is the best of all. In small cars 
where but five lamps are necessary, it is bet- 
ter to have but one extra lamp in the head- 
light—three in the car and one on the rear 
platform. Where the cars are double enders 
and are intended to run in either direction, 


a switching ar- 
A. rangement 
iiss should be pro- 
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vided such as 
À that previously 
described for 
switching the 
platform light 
from the rear to 
the front plat- 
form, or vice 
versa. . 

The resistance 
used in the motor 
contact or in the 
diverter, as it is 
sometimes called 
frequently gets 
hot in service— 
in fact so hot 
that the hand 
cannot comfort- 
ably bear the 
warmth. If the 
motorman is 
| careless it gets 
| red hot. ‘Thus 
resistance is a 
large bulky affair 
and fully equal 
in volume to a 
set of car heaters. 

Therefore the 
following device 
can be utilized 
with economy 
andconvenience. 
Wind heater 
frames with a 
wire that will 
safely carry the 
maximum motor 
current, and con- 
nect the heaters 
in series; bring down wires to divide the 
system in three or four parts, according 
to the system used on the car. The 
heater switch will be a throw-over switch 
that will connect these special heat- 
ers or the ordinary diverter in circuit for 
regulating purpose. In winter the former is 
used and in summer the latter. In crowded 
city districts the heat afforded by these heat- 
ers will be ample, particularly if the motor- 
man is instructed to run on those notches 
which, with the ordinary diverter in circuit, 
he is forbidden to use. If the heat proves 
scanty on long interurban sections, a few 
regular heaters may be used to supplement, 
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FIG. 2.-LAMP RESISTANCE. 
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but they should be turned off when the city 
districts are reached. An ampere at the car 
is nearly a horse power at the engine, and it 
should be saved wherever possible. 
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THE STEAM ENGINE INDICATOR. 


BY A. C. LIPPINCOTT. 


At the present time the fundamental prin- 
ciples of the steam engine indicator are 
generally understood and the many advan- 
tages to be derived from its use are conceded 
by every progressive engineer. 

The indicator is used simply to takea pho- 
tograph of the action of steam in the engine 
cylinder. This it does by recording the ex- 
act pressure existing therein at every point 
of the stroke. From the resultant diagram 
or ‘‘ card’’ we may determine with marvelous 
precision the power being developed, the 
adjustment of the valves and their condi- 
tion. It also informs us if the steam is re- 
tarded in its course, either by insufficient 
steam pipe area or inadequate valve open- 


ing. 
a 


: ° 
* Š mM 1 5 A 
st L3 ial Cae) 
Li À k< p 
a i : i an i 
x i 
“ANNANN RLNN RENNRS OS WAAR 


STEAM 


1 


FIG. 


I.—MODKI, OF INDICATOR. 


These points may be more intelligently 
treated as we discuss different diagrams in 
future numbers, the purpose of the present 
article being to consider the principles em- 
bodied in the indicator itself. 

For a simple example we have only to 
turn to the familiar spring balance. As we 
all know, it consists of a spiral spring of 
known strength, and to this is attached the 
article to be weighed. 

If we consider the scale pan as a piston, 
and surround it by a cylinder, it may readily 
be seen that any pressure admitted to the 
cylinder could be weighed with just as much 
precision as if it were nails or any other ar- 
ticle. For the purpose in hand it is not suf- 
ficient to have the pressure indicated—we 
must also record it permanently. To ac- 
complish this object, we may suppose a 
pencil-carrying arm permanently fixed to 
the moving end of the spring, the pencil to 
be in contact with a card moving longitudi- 
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nally and exactly ‘‘in time” with the engine 
piston. We would then have an instrument 
practically as shown in Fig. 1, which would 
be theoretically a perfect indicator. 

Practically, many mechanical modifica- 
tions are demanded to adapt it to engine- 
room use, and especially to suit the exacting 
demands of the present age of high pressures 
and rapid speeds. 

In the early days of the steam engine, 
when ten revolutions per minute was the 
usual speed, an instrument almost as crude 
as this was used, and successfully, too. 

As the speed increased, the momentum 
and inertia of the moving parts became im- 
portant elements to be considered, and in 
place of the two-inch piston, one of less area 
was substituted. This in turn demanded a 
lighter spring. Up to this time, the record- 
ing surface was fastened to a board, which 
was moved forward by means of a cord 
attached to the piston rod, and was returned 
by a counterweight. 

Evidently this weight must be reduced, 
and this was effected by the substitution of 
a cylinder for the sliding board. This cylin- 
der was normally held against a stop by a 
spring, but almost an entire revolution was 
permitted. 

In this form we find the ‘‘ McNaught” 
indicator, and occasionally we meet them in 
use at the present time, on such work as the 
beam pumping engine, and giving results 
considerably better than none at all. 

Being confronted by the imperative de- 
mand for stilllighter moving parts, recourse 
was had to heavier springs, and conse- 
quently less piston movement. This meant 
smaller diagrams, which rendered defects 
less prominent and thus to a more or less 
degree defeated the object in view. How- 
ever, the reduced piston movement was con- 
sidered a step in advance and in order to 
retain this feature, and still provide for a 
diagram of sufficient size, means were pro- 
vided to multiply the movement of the 
- piston. 

Page after page could be devoted to the 
many different devices we might enumerate, 
each with but one object in view, to correctly 
multiply the movement of the piston, with 
the least possible weight. 

Excepting the spring, this is the most im- 
portant feature of the instrument, and while 
it would serve no useful purpose were we to 
attempt to mention each device, yet some of 
the most ingenious ones may prove interest- 
ing, even though they proved failures in 
practice. Others are of interest for the rea- 
son that they have demonstrated sufficient 
merit to warrant theirsurvival, and this sub- 
ject will be thoroughly treated in the en- 
suing number. 

——_—__.}---—___—__— 


- Indicator Piping. 


In a recent paper, Prof. W. F. M. Goss, 
of Purdue University, gives the result of 
some experiments to determine the effect, 
upon the cards, of long-pipe connections 
for steam engine indicators. The con- 
clusions arrived at were that if an indi- 
cator is to be relied upon to give a true rec- 
ord, its cylinder connections must be direct 
and short. Any pipe connection is likely 
to affect the action of the indicator, and a 
length of three feet or more may be sufficient 


AMERICAN ELECTRICIAN. 
to render cards valueless except for rough 
work. The errors thus introduced are more 
pronounced as the speed of the engine is in- 
creased, and proportionately greater for 


short than for long cut-offs. Within limits, 
the indicated power of an engine is increased 


by increasing the length of the indicator — 


piping, while the points of cut-off, release 
and beginning of compression are all shown 
later than they should be. With any pipe 
connection, pressures during the greater part 
of expansion are higher, and during com- 
pression are lower,than actual pressures exist- 
ing within the cylinder. It follows that 
conclusions concerning the character of the 
expansion or compression curves, or con- 
cerning changes in the quality of the mix- 
ture in the cylinder during expansion or 
compression, are unreliable when based upon 
cards obtained from indicators attached to 
the cylinder through the medium of a pipe, 
even though the pipe is short. 


HOW TO COMPOUND A DYNAMO. 


BY CECIL, P. POOLE. 


Under the above heading, a most excel- 
lent method of compounding a shunt dynamo 
was described in the September issue of the 
AMERICAN ELECTRICIAN. The plan sug- 
gested is however, open to the objection 
that it is purely experimental, coming under 
the head of cut-and-try methods. The 
writer has found the following to be a satis- 
factory way of compounding a shunt ma- 
chine and one which possesses the merit of 
being particularly simple and convenient of 
application. | 

Only two electrical and two mechanical 
measurements are necessary. With the ma- 
chine running under full load and giving 


COMPOUND DYNAMO CONNECTIONS. 


the proper E. M. F. at the center of distribu- 
tion, measure the voltage across the termi- 
nals of the shunt winding, as shown by the 
accompanying sketch; then measure the 
voltage there when the machine is running 
without any load, but giving the same 
E. M. F. at the center of distribution; sub- 
tract the smaller from the greater voltage 
and multiply the remainder by 13,500. Call 
this result 4. 

Next find, from any wire table, the resist- 
ance per Icco ft. of the field wire, and 
measure the average length per turn of wire 
around the core, in inches; multiply this by 
the resistance per 1000 ft., and multiply the 
product by the number of amperes which 
the machine furnishes at full load; call this 
final product result Z. Then dividing result 
A by result Z gives the number of turns re- 
quired in a series coil to properly compound 
the machine, 

If the field wire is not accessible for meas- 
uring its gauge, this data can be obtained 
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from the builder. The average length of 
each turn of wire is ascertained by measur- 
ing with a tape around the outside of a coil 
and also around the core close to the head of 
the coil; add these measurements together 
and divide their sum by 2. 

The method is more easily expressed by a 
simple formula in which the various numer- 
ical values are represented by symbols. If 
V, represents the voltage across the shunt 
terminals at full load; v, the voltage there at 
no load; r, the resistance per 1000 ft. of the 
field wire; /, the average length per turn, in 
inches; C, the full load current furnished by 
the machine, then 

13,500 X V—v divided by rX/XK C= 
total number of turns required in the series 
winding. Or, UV. 

i — 13,500 (/—v), 
series turns = IC 
which is the total number of turns to be put 
in the series coil or coils. : 

The series coils should, if possible, be 
wound over the shunt coils already on the 
machine, and if shorter than the latter, they 
should be located at the pole-piece end 
rather than next to the yoke. If the dy- 
namo is not too large (750 amperes or un- 
der) thin flat copper ribbon from 2 to 4 ins. 
wide with heavy shellaced muslin wound in 
between layers, isthe most convenient mate- 
rial to use for the series coils. 
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Underwriters’ Rules.—The Underwriters’ 
National Electric Association will hold its 
annual meeting in December, and in the 
meantime invites suggestions from those in- 
terested as to changes or additions to the 
present code of insurance rules, that are 
thought desirable, which suggestions will be 
considered at the said meeting. By applica- 
tion to C. M. Goddard, 55 Kilby Street, Bos- 
ton, Mass., blanks for this purpose may be 
obtained; or a rule which it is thought should 
be ‘amended may be written out in its 
amended form, followed by reasons, briefly 
and succinctly stated, for the proposed 
change, and forwarded to the above address. 
A separate sheet should be used for each 
rule considered. As this furnishes an unique 
opportunity for bringing to the attention of 
the body which formulates the code of elec- 
trical insurance rules now in general use 
throughout the United States, grievances 
concerning any of its present provisions, ad- 
vantage should be taken by electricians and 
others of the invitation to send in sugges- 
tions. 
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Rating of Electric Railway Motors.— The Gen- 
eral Electric Company will hereafter add to 
the present rating numbers of its electric 
railway motors, a letter denoting the com- 
bination of winding and gear ratio used in 
each specific case. The numerals, 800, 1000, 
etc., will hereafter merely denote the par- 
ticular form of frame, and not as heretofore, 
represent the capacity or drawbar pull of 
the motor. This change is brought about 
from the fact that various combinations of 
winding and gearing in the same motor are 
now frequently required, and thus with the 
same frame the tractive force varies, being, 
for example, 800 Ibs. in the G. E. 800 type 
for only one specific combination, 
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A BIOGRAPHICAL HISTORY OF ELEC- 
TRICITY. 


With Alessandro Volta (1745-1827) begins 
the era of modern electricity, for before him 
electric force had only been dealt with as as- 
sociated with static phenomena. Exception 
should perhaps be made with respect to the 
experiments of Galvani, but as the signifi- 
cance of these was not understood, and they 
held no promise of disclosing the secret of 
current electricity, they may well be passed 
by. 

Volta, who came of a noble family, was 
born at Como, Italy, in 1745, and at the age 
of 29 became Professor of Physics in the col- 
lege of his native town. Five years later he 
was called to occupy the same chair in the 
faculty of the University of Pavia, and from 
1815 to his retirement several years later, 
was Director of the Philosophical Faculty of 
the University of Padua. 

While at Como, Volta, in 1775, invented 
the electrophorus and later devised the straw 
electrometer to replace the pith ball in 
experiments with static electricity. He 
was also the inventor of the first abso- 
lute electrometer, his instrument con- 
taining the principle in germ which 
more than a half century later was ap- 
plied in the Thomson absolute electrom- 
eter. The condenser at one time in 
his earlier career occupied his attention, 
and he produced a plate form as a substi- 
tute for the Leyden jars. 

Like many of the eighteenth century 
philosophers, Volta was an accomplish- 
ed man of the world. Before the great 
discovery which has rendered his name 
famous for all time, he was well known 
throughout Europe, not only on account 
of his earlier work, but through relations 
established during several journeys to 
European intellectual centers, where he 
met the prominent representatives of 
the science of the day. One of his 
earliest correspondents was the cele- 
brated Abbé Nollet, and his great dis- 
coveries were communicated to philoso- 
pher friends in London for announce- 
ment to the world through the medium of 
the Royal Society. 

The estimation in which he was held even 
before his discovery of the voltaic pile was 
illustrated when, in 1796, Pavia was pillaged 
by French troops, Napoleon ordered that 
the. house of Volta should be spared, and 
officers of the French army took upon them- 
selves the duty of guards in order to more 
completely assure protection. Later, Napo- 
leon invited the Italian professor to Paris 
and attended the sitting of the Institut at 
which Volta explained the principle of the 
voltaic cell, joining in the discussion which 
_followed. Volta was attracted to the study 
of electricity by reading the celebrated 
memoir of Galvani, published in 1791, and 
giving the first account of the Bolognese 
professor’s discoveries in what he termed 
“animal electricity.” Very soon after, 
Volta attacked the conclusions of Galvani 
as to the cause of the phenomena described, 
and offered instead his contact theory of the 
origin of electrical force and its manifesta- 
tion. 

Galvani’s theory was that there always 
exists in the bodies of animals of every species 
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an electricity; that a muscle of the body is 
a Leyden jar, while a nerve plays the part of 
a simple conductor; and that when a muscle 
and a nerve are connected metallicly, equilib- 
rium is disturbed and the electricity circu- 
lates from the interior of the muscle to the 
nerve, and from the nerve to the muscle 
across the ‘‘ metallic arc.” 

Volta contended that no electricity spe- 
cially resides in animals; that the simple con- 
tact of two dissimilar metals disengages 
electricity, and therefore the phenomena de- 
scribed by Galvani could be explained with 
reference merely to the metals employed in 
the experiments, for the reason that these 
metals applied to the parts of the animal 
containing juices, and therefore possessing 
conductive properties, could of themselves 


and of their own property disturb electrical | 


equilibrium and thereby set electricity in 
motion. 

These two views gave rise to a controversy 
which extended to all of the scientific circles 
of Europe. The learned of the day divided 
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themselves into two camps one committed 
to “contact electricity’’ and the other to 
‘animal electricity”; a society was formed 
at the University of Bologna to uphold the 
theory of Galvani and one at the University 
of Pavia to maintain that of Volta. Though 
many great leaders of thought took part in 
the controversy, interest remained centered 
in the principals, who for five or six years 
alternated in publishing papers sustaining 
their respective views, the victory appearing 
to lie at times with one and at times with the 
other. A French writer has well said that 
the memorable scientific struggle between 
these two great minds will always live in 
the history of science, not only on account 
of the greatness of the questions involved, 
but also because of the courtesy and dignity 
of tone by which the controversy was charac- 
terized. 

Volta up to 1799 was handicapped in es- 
tablishing his theory before the world by 
the small quantity of electricity, and conse- 
quently slight effects, he could obtain by 
simple contact, and continually sought 
means whereby he could augment these to 
such a point as to render the truth evident 
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to the entire world without other ado. 
Finally, in the year named he was success- 
ful, and by the invention of the pile which 
bears his name, at a single stroke com- 
founded his adversary for all time, and 
exalted his name to an altitude where that 
of Faraday alone keeps it company. 

The discovery of Volta was that in multi- 
plying couples formed of disks of copper and 
zinc soldered together in alternate relation— 
the couples being separated by damp bodies, 
such as disks of cloth wetted with a saline 
or acid solution—and so placed that a zinc 
disk is always between two copper disks 
and vice versa, then a tension is produced 
between the terminal disks of the pile suff- | 
cient to produce effects similar to those ob- 
tained from the Leyden jar, which until 
then had been, with its static generator, the 
only considerable source of electricity. To 
this invention, whose greatest significance 
lies in the accompanying discovery of cur- 
rent electricity, we owe the entire develop- 
ment of modern electrical science and 

industry. 

Volta seemed satisfied to rest upon 
his laurels after this crowning achieve- 
ment, for though he lived until 1827, his 
only further contributions to science 
were a few papers on meteorological 
subjects. Not being a mathematician or 
chemist, he was debarred from partici- 
pating in the development in electrical 
science which followed his discovery, and 
he had arrived at too advanced an age 
when electromagnetism began to receive 
attention. 

In 1792, Fabroni, a Florentine chemist, 
attributed the effects noticed by Galvan 
and Volta, not to animal electricity nor 
to the simple contact of dissimilar met- 
als, but to chemical action. This view 
received little cosideration for somie years, 
the controversy concernir g the two older 
theories apparently absorbing exclusive 
attention. The invention of the voltaic 
pile, however, immediately led to the 
study of the chemical effects which 
accompany the production of voltaic 
currents, and the construction of batter- 

ies in which the generation of currents 
of considerable quantity intensified these 
effects, soon led to the general acceptance of 
that theory in one form or other. The con- 
tact potential theory of Volta has lost favor, 
while his theory that current is generated by 
mere contact was early cast aside. 

The modern view of voltaic action, as 
stated by Dr. Oliver Lodge, is that electro- 
motive force is not due to mere contact, but, 
in the copper-zinc cell, for example, to the 
greater affinity of oxygen for zinc than for 
copper. A piece of isolated zinc is 1.8 volts 
below the potential of the atmosphere and 
copper .8 volt. When the two metals are con- 
nected, they necessarily become of the same 
potential and the equalization of potential is 
effected by the rush of electricity across 
the junction, whereby the zinc receives a 
positive charge and the copper a negative 
charge. In air, the equalization of potential 
is effected in an instant, while in a liquid 
the negative charge is continually being car- 
ried back from the copper to the zinc, and 
the positive charge from the zinc to the 
copper, by chains of atoms, so that the po- 
tential is here never equalized. 
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THE PRINCIPLES OF INDUCTANCE. 


When dealing with continuous currents 
the only idea that need be associated with 
the generation of E. M. F. is the simple 
one of the cutting of lines of force by a 
moving conductor. With alternating cur- 


rents, or currents varying in value, however, 
In the transformer, 


the case is different. 


FIG. I.—LINES OF FORCE DUE TO CURRENT. 


one winding by the mere proximity of an- 
other winding carrying an alternating cur- 
rent. . 

In any case, however, the idea of cutting 
lines of force may be retained. Instead of 
a moving conductor cutting lines, we can 
consider that when lines of force are intro- 
duced within a closed circuit, they cut 
through the fixed conductor forming the 
bounderies of that circuit, cutting in one 
direction when entering and in another 
when leaving. 

To develop this idea we will begin at first 
principles, and then take up its various con- 
sequences as manifested in the working of 
magnets, choking coils, inductance of alter- 
nating current lines, transformers, etc. It 
is well to add here that the reader cannot 
depend upon the ideas formed from the 
study of continuous currents to aid him in 
the understanding of variable or alternating 
currents, unless he adds the further ones 
connected with the phenomena that result 
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FIG. 2.—IRON FILING PHANTOM OF LINES 


OF FORCE DUE TO CURRENT. 


whenever a current changes in strength, the 
latter being bound up with conceptions not 
entering in the study of continuous currents. 
This does not imply that the subject is nec- 
essarily a difficult one, but rather one upon 
which the student should enter with the ex- 
pectation of encountering a new order of 
ideas. i 

When a continuous current flows through 
a conductor, lines of force encircle the con- 
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ductor, as represented diagrammatically in 
Fig. 1, and as may be demonstrated (Fig. 2) 
by means of iron filings. In Fig, 3. is shown 
the manner in which such lines are disposed 
in the interior and about the exterior of a 
coiled conductor. In what follows, account 
will only be taken of the lines included 
within a circuit, as in Fig. 4, since they 
alone produce an effect in that circuit. 

If a constant current of 10 amperes flows 
through a single turn of the coil in Fig. 4, 
it will produce in its interior 12.56 lines of 
force. The number of lines of force that any 
coil will produce when such lines pass 
through air alone, is the product of the 
ampere-turns by 1.256. Thus, if the current 
in Fig. 4 were only one ampere, since there 
is but one turn of conductor the ampere- 
turns would be unity, and the coil would con- 
tain but 1.256 lines. If the coil had an iron 
core, the number of lines with a given cur- 
rent would be enormously increased for the 
reason that lines of force pass through iron 
‘much more readily than through air. In 
the case of Fig. 4 and with 10 amperes flow- 
ing, the presence of iron might increase the 
lines to two thousand or more. The matter 
of the magnetic resistance offered by air and 
iron for lines of force (or the reluctance of 
magnetic circuits) will be taken up later 
when the magnetic circuit is considered. 
The present object of this paragraph is to 
show that for each value of a constant cur- 
rent flowing in a closed circuit, a definite 
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FIG. 3.--LINES OF FORCE OF COIL. 


number of lines of force is embraced within 
that circuit. 

Suppose, now, that the E. M. F. (Fig. 5) 
causing a constant current to flow in a cir- 
cuit is withdrawn or short-circuited, so as no 
longer to affect that circuit, what will be the 
result? Of course, when current entirely 
ceases to flow, there will be no lines of force 
within the circuit, and the lines which the 
circuit did contain may be considered in 
passing out to cut through the conductor 
forming the circuit, this view explaining all 
of the resulting phenomena. But when 
lines of force cut any conductoran E. M. F. 
is developed,* and it therefore follows that 
after the external source of E. M. F., such 
as a voltaic cell, is withdrawn, the circuit 
itself becomes a generator of E. M. F., until 
all of the lines originally contained have 
passed out. 

The E. M. F. thus generated is called self- 
inductive E. M. F. or the E. M. F. due to 
the sclf-induction or the inductance of the 
circuit. As to its direction with respect to 
that of the original E. M. F., if a line, 4 
(Fig. 5), passes outside of the circuit (from 
A to A’) the inductive E. M. F. due to it is 


*While this statement is true in general. it may 
happen that an E. M. F. generated at one point of a 
conductor may neutralize that generated at another 
point, as iv the case of a loop moving in its own 
plane and cutting through a uniform magnetic 
field of force. 
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in the same direction as the original E.M.F.; 
if it passes within the circuit (from 4’ to A, 
as when a current is established) it is in the 
opposite direction. 

Taking the case of a current being started 
in a circuit by the introduction of an 
E. M. F. (as when a circuit is closed), when 
the current reaches its normal value, a cer- 
tain definite number of lines of force will 
have entered the circuit; in doing so, how- 
ever, they will, by cutting the conductor in 
entering, have generated an E. M. F., which 
inductive E. M. F., as just stated, will be 
opposite to that of the impressed E. M. F., 
asit is called, or the battery E. M. F. in Fig. 5. 

Before applying the above conception to 
the alternating current, it will be further 
developed with respect to the continuous 


FIG. 4.--LINES OF FORCE OF SINGLE COIL. 


current at the moment when the latter is 
being established or broken. The reader 
will understand the connection with the 
alternating current by reflecting that when 
a continuous .current circuit is made or 
broken, the current has to increase from its 
zero to its normal value, or to decrease from 
its normal value to zero, while an alternat- 


. ing current is one alternately increasing 


and decreasing in value many times per 
second. 

Thus far we have not considered the time 
during which, after an E.-M. F. is intro- 
duced or withdrawn, the lines of force are 
passing in or out of a circuit, such as that of 
Fig. 5. Itis evident that this, in the case 
when the impressed E. M. F. is removed, 
depends on the number of turns through 
which the lines due to the original current 
have to cut, and also upon the resistance of 
the circuit. For it is evident that the larger 
the number of coils, the greater the number 
of conductors to be cut and, therefore, the 
greater the inductive E. M. F.; and the 
lower the resistance, the larger the inductive 
current and, therefore, the larger the num- 
ber of new lines introduced by it, and re- 
placing part of those passing out. . 

To resume, and referring to Fig. 5, when 
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FIG. 5.—LINES OF FORCE OF SINGLE COIL. 


the E. M. F.,is withdrawn, of course, the 
flow of current from that source ceases. 
But as this current ceases, the lines that 
accompanied it, in order to pass out, have to 
cut the embracing conductor, and thus gen- 
erate, as above described, an inductive- 
E. M. F., depending for its value upon the 
number of turns; this E. M. F. in turn gen- 
erates a current depending for its value 
upon the resistance of the circuit; this cur- 
rent then introduces its lines into circuit, 
thus replacing some of the original lines 
passing out, which process goes on until the 
last line of force has disappeared from the 
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circuit. In the case of a make-circuit or in- 
creasing E. M. F., the lines due to the cur- 
rent being established pass from without 
into the circuit, thus creating a current op- 
posing the battery current or current due to 
the impressed E. M. F., and causing that 
current to come gradually instead of sud- 
denly to its normal value. In the case of an 
E. M. F. removed from a circuit, the lines 
due to the current which had been flowing 
pass out of the circuit, thus creating a cur- 
rent which flows in the same direction that 
the battery current did, thus gradually 
tapering off the original flow. The time 
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FIG. 6.—CURVE SHOWING DYING AWAY 
OF CURRENT. 


required after closing a circuit for a contin- 
uous current to attain normal value, or for 
it to disappear upon removal of the im- 
pressed E. M. F., depends, first, upon the 
resistance in circuit, becoming greater if 
this resistance is decreased; and, second, 
upon the number of turns in the coils and 
the number of lines they embrace, becom- 
ing greater if these are increased. Finally, 
the number of lines in circuit, as shown in 


the third paragraph, depends upon the cur-: 


rent flowing in a coil, the turns and whether 
the coil surrounds air or a magnetic mate- 
rial, such as iron. 

It should be added that were it not for 
secondary actions entering, a current, when 
a circuit is closed, would never attain a nor- 
mal value, or would never die out when the 
impressed E. M. F. were removed. This will 
be seen to follow from the fact, that for each 
certain number of lines removed or intro- 
duced into the circuit, a certain number of 
inductive lines are generated. The curve in 
Fig. 6 shows the manner in which the cur- 
rent dies away when the impressed E. M. F. 
is removed, and the curve in Fig. 7 illus- 
trates the manner of increase. The re- 
sistance of the circuit in each case is 
one-tenth ohm, the self-inductance (or co- 
efficient of self-induction) being 1o milli- 
henrys. Self-inductance as expressed in 
henrys is explained below. 

Another point to be observed is that the 
inductive lines can never equal in number 
the lines which create them on account of 
the resistance of the circuit; they will ap- 
proach more nearly to this number, as before 
explained, as the self-inductance increases 
or as the resistance decreases. 

We have seen that the inductive E. M. F. 
depends upon the number of turns in a cir- 
cuit, and upon whether the lines of force 
pass through air, or through magnetic mate- 
rial, or partly through air and partly 
through magnetic material. An alternating 
transmission line, for instance, corresponds 
to a single turn, and its lines of force are in 
air; an electromagnet is an example of a 
large number of turns whose lines of force 
pass, when the armature is in contact, en- 
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tirely through iron; the alternating current 
transformer is another example of an all-iron 
magnetic circuit, while the field of a dynamo 
represents a part air and part iron magnetic 
circuit. 

Asin a given inductive circuit the number 
of turns and the magnetic conditions do not 
vary, a given increase or decrease of lines 
will always create the same inductive effect; 
we may therefore express the inductive 
value of such turns and magnetic condition 
in terms of inductive effect or inductive 
E. M. F. Suppose, for instance, that we 
have an inductive circuit, such as that of an 
electromagnet, having rooo turns, and with 
a magnetic circuit of such shape, dimensions 
and magnetic conductivity that an increase 
of one ampere of current in the coil will add 
100,000 lines to the magnetic circuit. Then, 
if the current is uniformly decreased in 
strength by one ampere per second, 100,000 


lines will pass out each second; these lines . 


cutting the 1000 coils will be equivalent to 
100,000,000 lines cutting a single wire and 
will thus generate that number of absolute 
units of inductive E. M. F. Buta volt, the 
practical unit of E. M. F., contains 100,000,- 
ooo absolute units of E. M. F., and there- 
fore the above operation will produce an in- 
ductive E. M. F. of one volt to act against 
the change of E. M. F. and “choke” or op- 
pose the change of current. A circuit in 
which a change of one ampere per second pro- 
duces one volt of inductive E. M. F. is said 
to have a self-inductance or coeficient of self- 
induction of one henry. If in the above 
case, the inductive E. M. F. with a current 
changing one ampere per second has been 
Io volts, the self-inductance of the circuit 
would be 10 henrys. 

As a practical application of the above 
principles, let us take the case of a magnet 
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having 5000 turns and a resistance of 4o 
ohms; we will further suppose that the mag- 
net armature will release one-tenth second 
after the impressed E. M. F. has been re- 
moved by being short-circuited out of cir- 
cuit. 

Let us first see what effect will follow if 
the number of turns is doubled, but the 
strength of the magnet kept the same—that 
is, the current halved and the ampere-turns 
kept the same. 

Since the ampere-turns remain constant, 
the number of lines to pass out is the same 
in both cases; as these lines, however, will 
have to cut twice as many turns in the 
second case, the inductive E. M. F. will 
therefore be doubled. If, now, there were 
no other resistance in circuit than that of 
the magnet turns, the circuit resistance 
would also have been doubled when the 
turns were doubled; the inductive current 


-ohms. 
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at any moment, being the quotient of the 
inductive E. M. F. by the resistance in 
circuit, would therefore remain the same as 
before, and the magnet would be neither 
quicker nor slower in working. 

Let us next see if, instead of no resistance 
in the external circuit, there had been 40 
ohms. As the magnet is to retain the same 
strength, the current and therefore the 
number of ampere-turns would be the same, 
and consequently the inductive E. M. F. 
would be the same. Butthe resistance of the 
circuit is now 40 + 40 = 80 ohms, instead 
of 4o, as in the first case, and only half the 
inductive current would flow, and the mag- 
net would be released in half of the time, or 
in J, second, instead of J, second. 2 

If now, in this latter case, the number of 
turns are doubled and the inductive E. M. F. 
thereby increased (the strength of the mag- 
net remaining the same), the new resistance 
—that is, the sum of tlie external resistance 
and that of the new magnet resistance—is 120 
While thus the inductive E. M. F. 
has been doubled, the resistance in circuit 
has only been increased from 80 to 120 
ohms; consequently a larger amount will 
flow at any instant and the magnet will not 
release until #4 second instead of, when the 
turns were one-half so great, in ,4, second. 
Doubling the turns in this case thus makes 
the magnet work slower. 

The statement is usually made that add- 
ing turns to a magnet makes it slower in 
working. The principles just developed 
enable us, however, to see that if the resist- 
ance of the external circuit is very small 
compared with that of the magnet, increas- 
ing the number of turns does not appre- 
ciably affect its working, provided the 
strength of the magnet is kept constant. 
We also see that a magnet may be made 
quicker working by merely introducing re- 
sistance into the external circuit, the E. M. F. 
in circuit being at the samie time increased 
in order to keep the current and strength 
of magnet the same. p 

In any case, however, it is to be under- 
stood that any such additional resistance 
must not possess appreciable self-induc- 
tance, as otherwise it would itself introduce 
inductive effects in circuit and thereby ren- 
der the above conclusions inapplicable. A 
non-inductive resistance is one whose cir- 
cuit contains such few lines of force that 
their cutting when an increasing or decreas- 
ing current passes, produces an inductive 
E. M. F. which is negligible. The filament 
of an incandescent lamp is an example, as 
the number of lines of force in its loop isex- 
tremely small in comparison with its resist- 
ance, which may be from 50 to 450 ohms. 
A wire looped back and forth with the sev- 
eral lengths close together is another ex- 
ample; in this case not only is the space for 
lines of force small between wires, but part 
of the lines of even-nutnbered lengths and of 
odd-numbered lengths, tend to respectively 
neutralize each other. Similarly, a coil 
made of a single loop with the insulation of 
its two parts touching will be non-inductive, 
for the reason that the effect of the current 
passing in one part will be neutralized by 
that passing in another. 

In a succeeding article further application 
or the above principles to electromagnets 
and dynamo fields will be made, 
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Upward Lightning Discharge. 


During the summer I had the opportunity 
of examining two oak trees which had just 
been struck by lightning. In both cases the 
path of the discharge, asindicated by the 
rending of the bark and the splitting of the 
wood next to the bark, was sinyle along the 
trunk, but bifurcated when it came to the 
main branches. The fact of this bifurcation 
of the rent appears to me to indicate that 
the discharge passed from the roots upward, 
not from the top branches downward. 
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Practical Method for Compounding a Shunt 
Dynamo. 


The following method for compounding a 
shunt dynamo so as to give a constant po- 
tential at the brushes for all loads, is very 
simple and accurate. 

Wind over the shunt fields a known num- 
ber, S, of turns of rather heavy wire and 
connect, in series with an ammeter and a 
variable resistance, to the terminals of an 
outside source (not the dynamo under test). 
The machine is started up (with the circuit 
of added turns open) and the field rheostat 
adjusted to give normal potential at no load. 

Full load is added to machine, which 
causes the voltage at the brushes to drop. 
Sufficient current is sent through the extra 
turns in the right direction to build the volt- 
age up to normal, and the values of the cur- 
rent in the extra turns, C, and that in the 
mains, C, noted. : 

Then the number of series turns to be 


added are 
SC 


C 

The above applies to dynamos of the sin- 
gle horse shoe or salient type. For a con- 
sequent pole type machine (e. g. the Man- 
chester type), wind on each limb an equal 
number of turns and connect so that these 
extra turns assist the slunt turns. Then S 
equals total number of turns added and the 
calculation is the same as above. 

A. F. MCKISSICK. 
PEE ony tere 
A Cheap Oven. 

Nearly all the roads at the present time are 
doing more or less armature and field spool 
repairing. A great many more roads would 
do so, but are prevented on account of the 
expense of the appliances necessary to do 
the work in a proper manner. In fitting 
up to do this work, in order to thoroughly 
dry the shellac or whatever insulating ma- 
terial is used, an oven is quite essential, and 
I shall endeavor to describe a cheap oven 
I recently had constructed and which gives 
as good results as an oven costing many 
times the amount expended on this one. 

A wooden box, three feet square by two 
feet deep, was procured. This was a box in 
which a Westinghouse No. 12 motor was re- 
ceived and consequently cost nothing. The 
box was lined with a layer of asbestos and 
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inside of that a layer of roofing tin, and 
placed in a position so that armatures could 
be raised and lowered by a traveling crane. 
To heat the oven, electric car heaters were 
tried at first, but it was found that too much 
resistance had to be placed in circuit to con- 
trol the heat, thereby causing a great waste of 
energy. After considerable experimenting 
it was found that ten 16-cp, 100-volt incan- 
descent lamps would raise the temperature 
in the oven to 220 degs. F., which is about 
the usual temperature used for this purpose. 
This is a very economical and efficient ar- 
rangement, as no energy is expended outside 
of the oven, and a very small current is 
used, about one ampere being all that is 
required. FRANCIS G. DANIELL. 


Acid Joints. 


Electrolytic Corrosion. 


In looking over your department of ‘‘Let- 
ters from Practical Men,’’ it occurred to me 
that an account of several instances of elec- 
trical trouble in my experience may be of in- 
terest to electricians. Some years ago I had 
the unenviable honor of acting as expert 
for a line of steamers whose electrical 
plants were amongst the first installed 
aboard vessels. One evening I was sent 
for in haste, and when I arrived aboard 
was told that the boat was ready to get 
under way, but that the lamps would not 
light. There was no voltmeter, and the pilot 
lamp on the dynamo which took its place I 
found to light all right when the engine was 
started. Disconnecting the pilot lamp with 
which to test across, it was found to light 
froin the brushes to the lugs of the dynamo, 
but, very curiously, not when connected 
across the switchboard upright leads sol- 
dered into the latter. Upon close examina- 
tion, one of these leads (about No. ooin size), 
was found to be loose in the lug, which was 
also very hot; when the lead was pulled out 
it was found that contact had been prevented 
by a layer of fine white powder. A screw 
lug was substituted and fastened to the dy- 
namo frame by using the old lug as a 
“ washer,” one of its bolts—which fortu- 
nately were quite long—passing through a 
bolt hole-of the new lug. This is an exam- 
ple of a very serious defect of acid soldered 
joints. . 

On another occasion when the writer was 
sent for, the lamps in one end of the saloon 
of a sister boat refused to come above a dull 
red, though other lamps in it burned bright- 
ly from the dynamo end of the same main. 
The fuses and contacts were found all right, 
and as to take the capping off the moulding 
behind the saloon berths would have delayed 
the boat too tong, it was concluded to let 
things go for that trip. However, when pick- 
ing up a hat from one of the berths, a green 
streak was seen below the moulding, which 
reawakened interest. Upon tearing the cap- 
ping off, the moulding burst into flame about 
the green place, and was extinguished only 
after some little difficulty. Upon examina- 
tion it was found that the main (about No. 
4 wire) had been much corroded; in fact, 
the ends of the wire taken out actually had 
a point as fine asthat of a needle. A leak in 
the deck above had kept the moulding damp 
at this place, which had produced electrolysis 
of the positive lead. The heat from the hot 
corroded section of the wire, and also possi- 
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bly from the leakage of current through the 
metallized wood from one lead to another, 
had heated the moulding to such a degree, 
that when exposed to the atmosphere it in- 
stantly burst into flame. The trouble was 
temporarily repaired by bending up the cor- 
roded ends and soldering on a piece of wire 
connecting them. S. L. RAND. 
— ee 
Transformer Automatic Cut-out. 


Upon seeing in the report of the proceed- 
ings of one of the electrical associations 
some time ago, that there was a demand for 
a transformer automatic cut-out, I spent a 
few hours in devising one, the result of 
which is outlined below. Of course, it is 
very doubtful whether there would be any 
actual saving with the device described, for, 
aside from considerations as to difficulty of 
insulation and complexity of parts, one of 
the batteries used would have to supply cur- 
rent as long as the circuits were open. 


Am. [lee. 


Referring to the accompanying illustra- 
tion, G is one terminal of the primary cir 
cuit; PP” is the primary circuit and SS’ the 
secondary circuit; B, B’ are batteries; M, M’ 
M’’ are magnets, M being fed from the 
secondary circuit and M” and MM” by the 
batteries; Z is a lever forming part of prim- 
ary circuit; His a metal lug on the lever 
and fitting between cc’, which are contacts 
that are short circuited by the moving up of 
the lever, Z; aa’ are contacts forming part 
of the secondary circuit; Y Y’ are springs 
which contract and draw back the lever, Z, 
and the switch, A, upon their being released 
by their magnets; A is a sliding switch. 

The operation is as follows: When cur- 
rent is being used in the primary circuit, 
the lever, Z, rests on the block, G, and the 
switch, A, remains in contact with a a’; thus 
both secondary and primary are closed, 
When there is no current in the secondary. 
the magnet, M, releases its hold on the arma- 
ture attached to the lever, Z, which isthen 
drawn up by the spring, Y; as the lever goes 
up, it short circuits cc’, by means of the lug, 
H, thus completing a path through the 
battery, 8, and the magnet M’; M” then at- 
tracts its armature attached to the switch 
blade, Æ, thus opening the secondary. We 
now have both primary and secondary open. 

Suppose a lamp is turned on. The cir- 
cuit through the wires, X X, containing bat- 
tery, B’, and magnet M’, is completed; A’ 
acts on the lever, Z, drawing it down to its 
former position against G, thus again closing 
the primary circuit. The closing of the 
primary opens the circuit which holds ihe 
switch, X, open; therefore, the magnet, A,” 
being no longer energized, releases its hold 
on the switch, A, again completing the 
secondary circuit. Sothat we have an au- 
tomatic device by means of which we may 
cause the primary of a transformier to reach 
on the secondary, and vica versa. 

W. SONNEBERG, 
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67. How may the voliage of a shunt ma- 
chine be regulated? 

This is usually done by adjusting the 
rheostat, which is a variable resistance con- 
nected into the circuit of the shunt field 
magnet coil as shown in Fig. 1. As resist- 
ance is cut out of the rheostat, more current 
pasess through the field magnet coil and in- 
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‘creases the amount of magnetism, which 
correspondingly increases the total voltage 
induced in the armature. Another method 
which can be used to a limited extent with 
most incandescent dynamos is to move the 
brushes slightly forward or backward, so 
long as they do not spark. 


68. How can one machine be thrown out of 
circuit when the load drops off so that the 


load can be handled by the remaining ma- 


chine ? 

Move the rheostats and brushes of both 
machines so as to shift the load from one 
machine to the other without disturbing the 
voltage on the mains, as explained in No. 66, 
AMERICAN ELECTRICIAN, October, 1896, 
page 216. When all the current is off from 
one machine, its switch may be opened and 
the machine may then be stopped. 


69. How can both machines be shut down 
at once tf the load does not go off so that one 
machine can handle it? 

If both dynamos are driven by the same 
engine, the simplest way is to shut off steam 
slowly and let both dynamos and engine 
die together. If this is not practicable, 
move both rheostats around gradually to the 
position of lowest voltage, watching both 
ammeters and being careful that the voltage 
drops equally on both, and then open both 
main switches at the same time. 


7o. What will happen tf one attempts to 
couple two dynamos, one of which has become 
reversed ? . 

This will make a bad short-circuit and will 
melt the fuses on both machines, besides 
burning the brushes and commutators badly. 
It is also liable to strip the armature wires 
out of place and to break the belts or throw 
them off. 


71. How can one tell whether a dynamo 
is reversed or not ? l 

The voltmeter will usually show it. If 
the voltmeter is not one of the variety with 
a permanent magnet, it will not indicate 
polarity. If the voltmeter is connected as 
shown in Fig. 1, it would indicate double 
voltage when connected to the dynamo 
which is reversed. 

72. How can one correcta dynamo that ts 
reversed ? 

Lift the brushes and then close the main 
switch, so that current from the mains will 
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flow through the magnet coil and magnetize 
the field properly. Then move the rheostat 
to the position of lowest voltage so as to re- 
duce the current through the fields; open 
the switch slowly; then place the brushes in 
position and let the machine build up. 


73. Why should the switch be opened slow- 
ly after magnetizing a dynamo? 

This is to avoid danger to the insulation 
of the field coils on account of the high 
voltage induced in them. When the cur- 
rent ceases to flow through the field coils, 
the machine begins to Iose its magnetism, 
and the number of magnetic lines of force 
through the field coils diminishes corre- 
spondingly. This induces an electromotive 
force in the coils in such a direction as to 
tend to keep up the magnetizing current. 
The induced electromotive force is propor- 
tional to the number of turns of wire in the 
coils, and also to the rapidity with which 
the magnetic field changes strength. It 
follows then that when the current through 
a shunt field coil of many turns of wire is 
cut off suddenly, an electromotive force is 
caused that may be several times higher 
than the ordinary working voltage, and so 
may cause a spark to jump through the in- 
sulation, and thus make connection between 
the coil and the frame of the machine, or 
short-circuit part of the coil. By putting in 
all the resistance of the rheostat and then 
opening the switch slowly, the current dies 
out gradually and the induced electromotive 
force becomes comparatively harmless. 


74. Why does the voltage of a shunt dynamo 
fall off after it has been working for some 
time? 

This is because the machine gradually be- 
comes warm by use. The resistance of the 
wire in the field and armature windings in- 
creases about four-tenths of one per cent. for 
each degree Centigrade rise of temperature, 
or one per cent. for every five degrees of the 
Fahrenheit scale. Therefore, as the dynamo 
warms up by working, the resistance of the 
shunt field coils increases and less current 
passes through them. This weakens the 
magnetic field and so lowers the voltage of 
the dynamo. In order to keep up the volt- 
age of the dynamo it is therefore necessary 
to cut out some resistance from the rheostat 
in order to balance the increasing resist- 
ance of the field coil. 


75. Why does a dynamo get warm by 
working? 

It is impossible to entirely avoid friction 
at the bearings and between the brushes and 
commutator. There is also some unavoidable 
loss by what is known as ‘‘hysteresis”’ or 
magnetic friction, as the magnetization of 
the armature is reversed twice for each revo- 
lution. A further source of loss comes from 
the fact that the wire used in the dynamo 
has more or less resistance which opposes 
the current somewhat as friction opposes 
motion. The work done in sending current 
through resistance, the work in overcoming 
the friction of the bearings and brushes, and 
that in overcoming hysteresis and eddy cur- 
rent losses in the armature, all this is 
changed into heat which raises the temper- 
ature of the machine. 

76. Why does the voltage of a shunt ma- 
chine drop off when the load ts increased? 

This comes from several causes. There is 


(Vor. VIII. No. 7. 
liable to be more or less slipping of the belt 
as the load increases, thus reducing the 
speed of rotation of the armature and con- 
sequently lowering the voltage. There is 
also more or less resistance in the machine, 
part of it being in the wire and therefore 
unavoidable and part being due to imperfect 
contact between the brushes and commuta- 
tor and at other jointsin the circuit. Even 
if the total voltage induced in the armature 
were not affected by change of load, the re- 
sistance in the circuit causes a drop of volt- 
age equal to the product of current by re- 
sistance, or the product of amperes and 
ohms. The voltage between the terminals 
of the shunt circuit therefore becomes less 
than the total voltage in the armature, and 
consequently less current goes through the 
shunt field coils. This weakens the mag- 
netizing force and in turn lessens the total 
voltage. Again, the current in the arma- 
ture coils has a magnetizing effect that 
weakens and distorts the magnetization 
from the field coils. This armature reaction 
is proportional to the armature current and 
helps lower the voltage as the load in- 
creases. 

77. How can the voltage of a shunt dynamo 
be kept up as the load increases? 

It is customary to have an adjustable re- 
sistance (called a rheostat) in series with 
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the shunt field coils as indicated in Fig. 2. 
Resistance may then be cut out by moving 
the rheostat handle as desired. The voltage 
may also be kept constant automatically by 
compounding the dynamo. 


78. What is a compound-wound dynamo ? 

A compound-wound dynamo has two sets 
of field coils. As indicated in. Fig. 3, the 
shunt coil consists of a large number of turns 
of comparatively fine wire and is connected 
to the armature terminals or to the machine 
terminals, so asto form a shunt to the ex- 
ternal circuit. The shunt coil carries a 
small fraction of the total current and usu- 
ally furnishes the larger part of the magnet- 
izing force. A compound dynamo has also 
a series coil of comparatively few turns of 
large wire which is connected between the 
armature and the external circuit. The cur- 
rent through the series coil is practically the 
same as that in the armature and in the ex- 
ternal circuit. The magnetizing effect of 
the series coil is in the same direction as 
that of the shunt coil and strengthens the 
magnetization as the load increases. The 
series coil may be adjusted so as to keep the 
voltage of the machine constant, or it may 
raise the voltage as the load increases. In 
the latter case the machine is said to be 
‘* overcompounded.”’ 
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How long does it take a 2-phased induction motor 
to come up to speed, and will it build up with a good 
load on? J.C. 

Any induction motor with full load gets up 
to speed in practically the same time as a 
continuous current motor. 


What size and length of wire is best for the pri- 
mary of small induction coils? C. M. 


The query is entirely too general to admit 
of a definite answer. Two layers of No. 16 
or 18 wire may be used with small and 
medium small ‘size coils to be used with a 
battery. 

1°, How many cells, and of what kind, are required 
for the spark coil described in this department in 
the September issue? 2°. What is the object in using 
a wire as large as No. 12 or No. 14 in spark coils? 

1°, Three cells of low resistance, sal- 
ammoniac type, or five cells of ordinary 
Leclanché. 2°. The object of the heavy 
wire is to obtain a ‘‘fat’’ spark. 

Would the coil described in Tesla’s book on ex- 
periments with high potential and high frequency 


do without any modification for Röntgen ray work? 
A. S. W. 


The Tesla coil referred to can be used for 
Röntgen ray work, but it must be excited 
with currents of high frequency from a 
special transformer. See page 130, August 
number. 

May the resistance in a motor circuit be placed 
at any point of the circuit without producing differ- 
ent effects? A. L. C. 

Yes. In any electrical circuit the position 
of a resistance introduced is absolutely im- 
material. Ina motor circuit the effect is 
the same whether the resistance is connected 
to the positive or negative pole or located 
half a mile distant from the motor. 

Kindly give a formula for calculating the length 
and diameter of carbon incandescent lamp filaments 
made from cellulose. W. E. S. 

The dimensions of lamp filaments are not 
calculated, but experimentally determined. 
Mathematical formulas could be deduced for 
this purpose, but would be practically value- 
less, owing to the indefinite nature of the 
emissivity and resistivity factors entering. 


1°, Can No. 34 wire be used instead of No. 36in the 
coil described in the May number? 2.° What would 
be the size of the primary coil for the above? 


1°, Yes, provided the same number of 
turns are used. It will be well to increase 
the space between the primary and second- 
ary, filling in with paraffine; one-half inch 
will not be too much. The advisability of 
this large space has been demonstrated since 
the article in the May issue was written. 
2°. Two layers of No. 14 wire will answer 
for a battery primary. 

Please give the design and construction of a 20- 
KW, I1o-volt, four-pole generator. H. E. J. 

The limitations of our space will not per- 
mit answers to be given to questions of this 
character. Hawkins and Wallis’ “ The Dy- 
namo ” ($3) gives information on the design 
and construction of dynamos; we would,how- 
ever, advise the purchase of the necessary 
drawings from a designing electrical en- 
gineer, as the cost of construction of a ma- 
chine of this size is too large to justify de- 
pendence on an amateur design, 
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What is the difference between the sparking 
caused by a short circuit in an armature and that 
caused by an open circuit ? F. G. F. 

A short circuit within the armature wind- 
ing will cause no sparking uniess a large 
number of neighboring coils are short-cir- 
cuited, when the brushes will spark continu- 
ously, no matter what their adjustment. An 
open circuit in an armature winding causes 
a vicious flash which appears at each brush 
in turn as the commutator segments belong- 
ing to the open coil passes under the brush; 
the segments will become blackened in a 
short while. 


1°, What size wire, and how many pounds would 
be necessary, for the primary and secondary of a 
five inch induction coil? 2°. How many batteries 
would be necessary to run it? 3°. What is the best 
insulation for use between the primary and second- 
ary coils? How would a hard rubber tube that would 
fit over the primary coil make the insulation? 

J.J. E. 

1°. Use No. 36 wire for the secondary; if 
the coil is well insulated, six pounds will be 
sufficient. Two layers of No. 14 wire will be 
sufficient for the primary. 2°. A half dozen 
large cells of constant current or plunge type 
will be necessary for good results. 3° A 
hard rubber tube would be very good, but 
it should be supplemented by at least 3 in. 
of paraffine. 

Please give a simple definition of “inductance.” 

R. M. M. 

The inductance of a circuit is the measure 
of the back E. M. F. produced in that cir- 
cuit by the passage of a variable current, 
such as an alternating current. The induc- 
tance of a circuit is unity or one henry if, 
while a current passing through it varies 
in strength at the rate of one ampere in one 
second, a back E. M. F. of one volt is pro- 
duced. Any variation of current produces a 
counter E. M. F., and this is greater or less 
according to the property of that circuit; 
that is, in a pole line, the distance apart of 
the two wires; in a coil, the number of turns 
and, if iron is present, the amount of iron 
and its disposition. 

1%. How is a Clark standard cell made? 2°. Is it 
necessary that any copper be exposed to the solu- 
tion in the Edison-Laclanché cell? F. L. W. 

1°, Inthe bottom of a broad short test tube, 
is pure mercury, M; a platinum wire, P, 
sealed in the bottom of the tube and entering 

the mercury, acts as one electrode. 

Over the mercury is a layer of a 
thick paste, 42, made by mixing 
mercurous sulphate with a saturat- 
. ed solution of zinc sulphate. Into 
the paste dips a rod of pure distill- 
Bom, ed zinc, Z, which forms the other 
Su electrode. The tube issealed with 
paraffine wax or india-rubber. It 
is highly essential that all of the constit- 
uents of the cell be absolutely pure. To 
make a reliable Clark cell requires expert 
knowledge. 2°. No; the negative element 
(positive electrode) is black oxide of copper, 
upon which and the zinc the action of the 
cell depends. 


What causes opposite bars on a commutator to 
blacken up, there being no short circuit in the arma- 
ture, or the magneto, at least, does not show one 
in testing it? A. B. 

It is impossible to give a conclusive 
answer unless the type of winding is known. 
It is probably due to some local defect in 


the armature, The wires leading to the 
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bars in question may be in poor contact 
therewith. It may be that the barsin ques- 
tion are high or low bars. Ifa bipolar ma- 
chine, the fact that opposite bars are sub- 
jected to blackening is probably a coinci- 
dence; with a umitipolar wave winding bav- 
ing but two brushes, the coils are connected 
to opposite segments and if the coil is de- 
fective in any way.any segments to which 
it 18 connected might readily be blackened. 


Why in calculating the E. M. F. of a bipolar dy- 
namo are the lines of force counted twice? 
P. L. F. 


The E. M. F. is the product of the number 
of lines in the magnetic circuit (or in a 
single gap), the number of conductors on the 
armature, the number of revolutions per sec- 
ond and a constant. The magnetic circuit 
is cut twice in each revolution, since in one 
revolution the conductors pass through both 
gaps; as, however, the commutator divides 
the armature conductors into two series in 
parallel, the E. M. F. is similarly divided, 
and only the lines in oze gap, or the total 
flux of the magnetic circuit, enter into the 
formula. In a rational form, the formula 
would contain twice the flux and half the 
conductors, but in multiplying, the 2 and 4% 
disappear since their product is unity. The 
manner in which the commutator divides 
the conductors into two series in parallel is 
shown in Lessons in October issue. 


1°. How can I makea small transformer for a 100- 
volt circuit of a capacity of 5 or6 amperes and 10 or 
12 volts? 2°. How cana storage battery be charged 
from a 110-volt dynamo or from an exciter. F.W. 

1°. Makea ring of ¥% in. section and about 
4 ins. diameter, of soft iron wire of small 
diameter. The windings will have to be 
determined experimentally. For the pri- 
mary use No. 20 of 22 copper wire, having 
a sufficient number of turns that when con- 
nected to the 100-volt circuit the leads will 
only be moderately increased in tempera- 
ture. Then wind the secondary with any 
convenient size of wire. The number of 
turns of the secondary will depend upon the 
voltage required and may be found by trial; 
or count the number of primary turns and. 
put on less secondary turns in the propor- 
tion that the secondary voltage is to bear to 
the primary voltage—in this case about one- 
eighth. The size of the secondary wire will 
depend upon the amount of the secondary 
current, and in the above case may be No. 
18 or 20 wire. Having in the above manner 
determined the data of the transformer, a 
neater type may be made by coiling the pri- 
mary and secondary in 4-in. coils, placing 
one on the other and wrapping both with the 
soft iron wire. 2°. Put sufficient resistance in 
series with the battery to bring down the cur- 
rent to the charging rate of the battery. A- 
single cell can be practically considered as a 
short circuit on a r10-volt circuit, and must 
have resistance inserted in series to bring 
down the current. The resistance may be a 
number of 110-volt lamps in parallel; if 
the charging rate is Io amperes, 20 lamps 
will be required. A resistance may be made 
from iron or German silver wire; or a cast-off 
rheostat may be used, some of the rheostat 
wires being put in parallel if necessary. In 
the case of an exciter, connect the cell in 
series with it and the alternator field; the 
introduction of a couple of cells will have no 
appreciable effect on the exciter. 


ELECTRIC DESK LAMP. 


The accompanying illustrations show the 
Kinsman desk and portable lamps, the latter 
being ornamented with dark green enamel 
and gold stripings, all mountings being of 
brass. The portable type is designed to 


FIG. I.—DESK LAMP, 


meet the demand for a desk light where a 
highly finished fixture is not desired. It is 
furnished without socket, but is provided 
with an adjustable holder adapted for any 
standard socket. 7 

The clamp which holds the desk fixture 
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enamel fixture contains all the well known 
features of the nickel plated and polished 
brass fixture, such as the telescoping tube, 
the adjustable eye shade, and a revolving 
glass cylinder with both ground and clear 
glass surface, which 1s so made that any 
standard lamp up to 32 cP in size may be 
used. 

The above described desk and portable 
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FIG. 2.—PORTABLE LAMP. 


fixtures are made by McLeod, Ward & Com- 
pany, 26 Thames Street, New York. 
——__-~+-0-» 
AN ELECTRIC RAILWAY STORAGE BATTERY 
AUXILIARY. 


The accompanying illustration gives a 
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ELECTRIC RAILWAY STORAGE BATTERY PLANT. 


[VoL. VIII. No. 7. 
Company, Drexel Building, Philadelphia, for 
the Union Traction Company of Philadel- 
phia. 

The battery consists of 248 cells of “G” 
chloride type, each cell containing 13 plates. 
The maximum discharge rate of the battery: 
is 400 HP for one hour. The plates are con- 
tained in lead-lined boxes, mounted on two 
tiers of oil insulators. The connections are 
made by one continuous weld, no mechanical 
contact being used throughout the battery. 

The switchboard consists of three panels, 
one each for the battery, feeder and line. 
The switchboard apparatus is very simple, 
consisting only of an ammeter, circuit 
breaker and knife switch in each of the 
three circuits, together with a voltmeter and 
recording wattmeters in the battery circuit. 

The load on the section to which the bat- 
tery is connected varies from 100 to 700 
amperes; the feeder carries a constant load 
of 400 amperes, the battery discharging or 
charging to the extent necessary to maintain 
this condition. The result in actual practice 
is found to be that the feeder load remains 
constant at this average current, and is abso- 
lutely independent of the fluctuating demand 
on the line. 

The plant here illustrated is situated at 
the end of a feeder eleven miles long, on one 
of the most important lines of the Union 
Traction Company, of Philadelphia. This 
year it was decided to extend the line sev- 
eral miles, and it was found that it would be 


rigidly in place is made adjustable to suit view of a storage battery auxiliary recently necessary either to build a new power house 
any standard desk without marring it. The installed by the Electric Storage Battery or install a battery sub-station, as the re- 
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quired addition to the existing feeder sys- 
tem would necessitate such an enormous 
outlay for copper as to render it commer- 
cially impossible. 

It was found that the cost of copper alone 
to carry out this extension and double the 
service on the section, would be four or five 
times the total cost of a battery installation 
to fully meet all the requirements; and that 
a new power house was out of the question 
on account of the heavy operating expenses. 
Before the extension was made the pressure 
at the end of the feeder was barely enough 
to operate cars on schedule time, and the 
pressure varied as much as fifty per cent. 
A chart taken from a recording voltmeter 
illustrates the effect of the battery as a regu- 
lator of pressure. During four hours, be- 
tween I A.M. and 5 A.M., the only time when 
the battery is taken off the system, the fluc- 
tuation in pressure is very marked. The 
current curve, taken under normal conditions, 
shows that the battery provides for fiuctua- 
tions of several hundred horse power, but 
can be worked up to 800 HP in cases of nec- 
essity. 

Such a battery as the above enables rail- 
way generators to run always at full load, 
and, consequently, at the highest point of 
efficiency, and to act as a cushion to the en- 
gine in the event of the circuit breaker open- 
ing when trouble occurs on the line. By the 
use of a properly proportioned battery the 
capacity of the generating units employed 
can be limited to the requirements of the 
average load only, instead of the maximum, 
the difference being taken care of by the 
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battery. This usually means a saving of 
thirty to forty percent. in the capacity of the 
units, and, nioreover, relieves the machin- 
ery from excessive strain, due to sudden 
fluctuations of load. 


AMERICAN ELECTRICIAN. 


One of the most valuable functions of the 
battery is to provide a reserve in case of 
breakdown, being capable of carrying the 
total load for a short period. This, in itself, 
renders the storage battery invaluable to 
operators of electric railways. When ap- 
plied to electric railways the battery can be 
located either in the power house for regu- 
lating purposes, or at the end of long feed- 
ers, to supply the variable demand, the 
feeder capacity being equal to the average 
load only. 


THE PORTER-ALLEN ENGINE. 


In connection with the article on ‘‘ Steam 
Engines for Electric Railway Service,” 
which appeared in our October issue, we are 
enabled to add a brief description of an- 
other type of engine which is used largely 
in this service. This is the Porter-Allen 
automatic engine, built by the Southwark 
Foundry & Machine Company, of Philadel- 
phia, Pa. 

Prominent among the points of merit 
claimed for this engine are its heavy, sub- 
stantial construction; ability to regulate 
closely under sudden and great changes in 
load; economy in the use of steam, and 
small floor space occupied. 

The bed-plate is one heavy piece with 
broad base, which permits it to be securely 
held to the foundation masonry, thus pro- 
viding an absolutely rigid structure upon 
which to carry the working parts of the en- 
gine, and sufficiently strong to overcome all 
vibration. This feature, coupled with the 
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PORTER-ALLEN ENGINES. 


fact that the bearings are all liberally pro- 
portioned so as to reduce the pressure on the 
wearing surfaces, insures uniformly cool 
bearings. 

The cylinder is firmly bolted to the hood 
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end of the bed-plate, in such a manner as to: 
allow, under changes in temperature, free 
expansion and contraction in the direction 
of its length. The clearance is very small 
in proportion to the piston displacement, 
and, in addition, is neutralized by compres- 
sion, which is carried up to the initial press- 
ure of the steam, and remains constant 
under all changes of load. 

The valves are four in number, two for 
admission and two for exhaust, and are 
balanced by pressure plates. Each admis- 
sion pressure plate may be lifted from the 
valve by means of a screw and check nut, 
and the plates may be adjusted to exactly 
the amount necessary to prevent leakage. 

The valves are very light, and each opens 
its port simultaneously at four points. The 
pull of the valve rod on the valve is central, 
so that unequal wear is avoided, and by 
means of the adjusting screw above referred 
to, the valve may be kept permanently 
tight. The pressure plates, carrying with 
them the valves, will be lifted from the 
valve seat whenever the pressure in the 
cylinder exceeds that in the valve chest, 
thus preventing any damage from water 
which might be carried into the cylinder. 

The valve gear is a distinctive feature of 
this engine. By means of a link actuated 
by a single eccentric, separate and inde- 
pendent movements are given to the admis- 
sion and the exhaust valves. It operates 
with uniform precision, without possibility 
of uncertain or irregular action. The valve 
gear joint pins and bushings are made of 
hardened steel, ground to a fit. 


A unique feature of the engine is the gov- 
ernor. It is extremely powerful and, at the 
same time, positive in its action. The 
active parts are very light, the power being 
derived from a high rotative speed, thus 
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. causing a sensitiveness in its movements 
that will arrest fluctuations and produce 
uniformity in the running of the engine. 
The lubrication of the engine is automatic 
and continuous, stationary sight-feed oil 
cups being used throughout, which may be 
filled while the engine is running. 

The accompanying illustration shows the 
power house of the Electric Traction Com- 
pany, of Philadelphia, which is fitted up 
exclusively with Porter-Allen engines. The 
plant consists of four tandem compound, 
condensing engines, of 1100 HP each, direct 
connected to General Electric generators. 
These engines have high pressure cylinders 
24 ins. in diameter, low pressure, 46 ins. in 
diameter, with a stroke of 42 ins., and a 
speed of 120 r. p. m. There is also one 
400-HP engine of the same style, 143 ins. 
and 26 ins. X 24 ins., running at 200 r. p. m. 
The steam pressure carried is 125 lbs. per 
square inch. 

These engines are built either horizontal 
or vertical, simple, compound or triple, con- 
densing or non-condensing, and are in use 
in many other power stations throughout 
the country. 


A NEW FAN MOTOR. 


Fan motors are usually put under way 
some months in advance of the season when 
they will be used, and one now being gotten 
ready for the market is shown in the accom- 
panying illustration. The new motor, which 
is called the ‘‘Paragon’’ has two speeds, 2000 
r. p. m. at full speed and 1500r. p. m., and 
does not heat at the highest rate though run 
continuously for hours. The motor is made 
for direct current circuits. It has a 12-sec- 


PARAGON FAN MOTOR. 


tion armature, a lock nut commutator, is 
mica insulated, and built as carefully as a 
large dynamo. 

The Paragon motor, which is made by J. 
P. Williams, 39 Cortlandt Street, New Vork, 
will be made in three sizes—12 ins., 14 ins. 
and 16 ins, 


AN ALTERNATING CURRENT SEWING 
MACHINE MOTOR. 


The motor illustrated herewith has been 
designed to supply the demand long exist- 
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ing for a sewing machine motor for use with 
alternating currents, which will have suff- 
cient starting torque to start readily with a 
load. 

The motor is of the induction type, with 
neither commutator nor brushes. It is 
mounted on a base which is moved by a lever 


connected with the sewing machine treadle, - 


SEWING MACHINE MOTOR. 


whereby the belt transmitting power from 
the motor to the machine can be slacked 
when necessary or vice versa. It is pro- 
vided with a switch which is turned on when 
the operator sits down to the machine. 
The motor pulley is running constantly 
when the machine isin use and the speed 
may be varied from the lowest to the high- 
est by merely moving the treadle. Upon 
shutting off the power a brake is applied to 
the balance wheel, which stops the latter 
instantly. 


ARC LAMP CLUTCH. 
The accompanying illustration shows a 


ARC LAMP CLUTCH. 


new, and improved clutch for Brush and T.- 
H. arc lamps. Among the features of the 
new clutch are its method of adjustment 
whereby closer regulation can be obtained. 
The clutch is easily and quickly applied to 
the above styles of lamps, and, it is claimed, 
renders slipping of thc rod impossible, while 
the life is longer than that of the usual form 
of this mechanism. 

The above described clutch is made by the 
Philadelphia Electrical & Manufacturing 
Company, Twentieth and Jones Streets, 
Philadelphia. 
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NEW ARC LAMP MECHANISM. 


A new lamp mechanism, illustrated here- 
with, is that of the Ajax enclosed arc lamp, 
discribed in our October issue. <A rack feed 
was selected for the Ajax lamp because of 
the advantages possessed by this construc- 
tion for lamps which are inspected and 
cleaned only at long and irregular intervals, 
which custom usually prevails where long- 
burning lamps are used. The rack feed, of 
itself, is a simple and positive mechanism, 
but the train of gears with which so many 
lamps have been burdened heretofore has 
been the source of much annoyance in no 
way chargeable to the rack and pinion. 

There is no gearing used in the Ajax lamp 
except the one pinion which engages loosely 
the rack rod, and supports the latter at a 
position determined by the strength of the 
series solenoid. By reference to the cut it 
will be seen that there can be no slipping of 
the carbon rod nor any feeding of the upper 
carbon until the vertical or vibrating pin | 
falls below the horizontal adjustable pin, 
through the consumption of the carbons and 
the consequent lowering of the cores of the 
solenoid. 

This positive feed feature well qualifies it 
for use in locations where there is consider- 
able vibration, such as in mills, where looms 
or heavy machinery cause a continual jar- 
ring, on steamboats, etc. Notwithstanding 
its great stability, the feeding mechanism is 
sensitive to the smallest variation of poten- 
tial at the-arc, and as long as the rack rod 
is approximately clean, the feeding is ac- 
complished by inappreciable increments, 
through the medium of gravity and a 
weighted escapement pawl which vibrates 
very slowly. Asthere are no close fitting 
or finely adjusted parts in an Ajax lamp, 


AJAX ARC LAMP MECHANISM. 


it is claimed that ordinary care at long inter- 
vals will suffice to keep it in excellent work- 
ing order. 

This lamp is well constructed, having a 
case hardened pawl, all steel parts being 
well nickeled to prevent rusting, and is 
manufactured by Pomeroy, Woltmann & 
Company, 43 Cortlandt Street, New York. 


ELECTRICAL INSULATION. 
That the question of insulation is a very 
important one in the electrical trade and its 
allied lines, is evident from the many efforts 
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which have been made to secure a prepara- 
tion which would insure perfect insulation 
as a reasonable cost. There has recently 
been issued by the California Asphalt Com- 
pany, 57 East 59th Street, New York, a 
pamphlet under the title of ‘‘ Alcatraz Elec- 
trical Compound,” setting forth briefly the 
merits of this product, which is offered 
as the solution of what has hitherto been a 
perplexing problem in electrical construc- 
tion. ‘Alcatraz Electrical Compound ” 
uses as a base the well-known brand of Al- 
catraz asphalt, mined in the southern portion 
of California—a product which has been used 
with great success all over the United States. 

This compound penetrates thoroughly, 
dries quickly, and adheres tenaciously, 
thereby avoiding waste in the transmission 
of electrical energy. It presents a smooth 
surface without being sticky, prevents cor- 
rosion, and is not affected by salt water, 
moisture, alkalis, acids, etc. For this rea- 
son it has proven particularly valuable in 
water-proofing, cut-out boxes, painting wires 
where subjected to acid aud alkaline fumes, 
etc., and also as a covering for brackets and 
poles. It is claimed to be not affected by 
climatic or thermal changes and has been 
used with marked success in various parts of 
the country. The pamphlet, together with 
other information relating to the subject, 
may be obtained upon application to C. P. 
Williams, No. 39 and 41 Cortlandt Street, 
New York. 


AUTOMATIC WEIGHING MACHINE, 


The Pratt & Whitney Company is now 
placing on the market a new automatic 
weighing machine with an improved power 
feed device which enables any kind of ma- 
terialto be handled. This machine operates 
upon a new principle, and is pronounced by 
the makers to be a radical advance upon 
any weighing machine offered to the trade. 

The machine is constructed on the inter- 
locking principle, making it impossible for 
any material that is being weighed to pass 
through the machine without being ac- 
counted for by means of a register or count- 
er, positively connected with the machine. 
All material that will spout freely by gravity 
can be handled through the machine with- 
out being forced in delivery; but for such 
substances as coal, flour, cement, fertilizers 
of different kinds, cotton-seed, cotton-seed- 
meal, and articles of similar nature, an auto- 
matic power feed device has been provided. 
This device consists of a short horizontal 
steel apron-conveyor actuated by a belt and 
pulleys, which conveys the material to be 
weighed into the bucket of the weighing 
machine. This conveyor is capable of dif- 
ferent speeds, a fast speed delivering about 
go per cent. of the load to be weighed into 
the bucket, after which, assisted by an 
ingenious shaking device, the remaining 10 
per cent. of the full load is made up; and 
when the accurate full weight is delivered 
into the bucket the conveyor stops automat- 
ically, a valve catches the drip from the 
apron, and the load in the bucket isdumped, 
after which the operation as described is 
automatically repeated. 

These machines are all equipped with a 
new counter or registering device positive 
in its workings, and absolutely correct in 
its count, and is so connected with the ma- 
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chine that it is impossible to operate one 
without operating both. 

This scale, adapted for all purposes, is 
made in many sizes; it can be set for any 
weight, and has registering devices, with 
stop motion checks, so that it may be set to 
measure any weight, and then cease measur- 
ing when the determined number of weigh- 
ings has been measured and registered, all 
automatically, and without error in either 
weights or in number of weighings deliv- 
ered. The company is equipping large 
power plants with machines for weighing 
coal for storage, as well as weighing the 
coal from the storage bins for delivery to the 
boilers, either through automatic stoker 
or otherwise, and registering the amount of 
coal consumed by each boiler to which the 
machine is attached within a given time. A 
machine is now in operation in Chicago, 
which weighs and delivers 90 to Ico tons 
per hour of crushed bituminous coal to the 
furnace of the Chicago Sugar Refinery Com- 
pany; another order shipped to the Edison 
Illuminating Company, of the same city, 
was for six scales for weighing coal to the 
boilers of that company. 
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PERSONAL. 


Mr. Thos. J. Fay, for a number of years the New 
York representative and late manager of the C. & 
C. Electric Company, has severed his connection 
with that company and will open an office as con- 
sulting electrical engineer. Mr. Fay has been long 
and favorably known to the electrical profession, 
and his advent in the new field he has chosen will 
be a decided acquisition to it. 


Mr. 1. H. Sherwood has recently been added to 
the force of instructors of The Correspondence 
School of Technology, Cleveland, O. Mr. Sher- 
wood is a graduate of Case School of Applied 
Science. He learned the trade of machinist before 
going to College, and while there worked as a ma- 
chinist and as an engineer. He is now a licensed 
stationary engineer, and also assistant instructor in 
the electrical engineering course of the Cleveland 
Young Men’s Christian Association. Mr. Sher- 
wood’s own experience enables him to fully appre- 
ciate, not only the value of an education, but also 
the trials and difficulties encountered by those who 
have to obtain an education through their own 
efforts. 


Messrs. Hasson & Huat, the California firm of 
electrical and mechanical engineers, are the subject 
of a leading article in a recent special edition of the 
San Francisco Journal of Commerce. Among -the 
plants named for which they have acted as engineers 
are the transmission plant of the Consolidated Mine 
at Bodie, and the Sacramento-Folsom, and Nevada 
County transmission plants. The firm has also in- 
vestigated and reported on the feasibility of develop- 
ing large quantities of permanent water power in 
the vicinity of Fresno, Porterville, Bakersfield,Kern 
River, San Gabriel River, Mokelumne River and 
McCloud River, The plant at Fresno has already 
been installed and those at Bakersfield and Kern 
River are in process of installation. During the past 
year the firm had charge, as tonsulting engineers, 
of the work of changing the entire cable systems of 
Ios Angeles Street Railway Company from cable to 
trolley, and is now engaged preparing plans and 
procuring proposals for a hydraulic and electric 
plant for the Mountain Mines Company of Shasta 
County. 


NEW BOOKS. 


A PRACTICAL HANDBOOK ON THE CARE AND MAN- 

AGEMENT OF GAS ENGINES. By C. Lieckfield. 
The price of this book, of which a notice appeared 

in the October issue, was erroneously given as 75 

cents. The correct price is $i. 

‘“ PRACTICAL ENGINEER ” POCKET BOOK FOR 1897. 
Edited by William H. Fowler, Manchester: 
Technical Publishing Company. 343 pages, illus- 
trated. Price, 1s. 6d. 
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The eighth issue of this annual, published from the 
office of our English contemporary, The Practical 
Engineer, has been considerably enlarged by the 
addition of notes and data relating to electric trac- 
tion and welding, while the chapter on gas and oil 
engines has been amplified and brought up to 
date. While its information is compiled more es- 
pecially with reference to British practice, the 
American practical engineer will find it useful from 
the large number of steam and mechanical tables 
contained. 


THE MINERAL INDUSTRY. Its Statistics, Technology 
and Trade. Edited by Richard P. Rothwell. 
New York: The Scientific Publishing Company. 
849 pages. Price, $5. 


The present volume of this excellent annual 
brings its record of the statistics, technology and 
trade of the mineral industry in the United States 
and other countries to the end of 1895. Electricity 
is represented under a number of heads, such as 
coal-cutting, haulage, furnaces, hoisting, mining, 
power transmission, pumping, rock drills, ventila- 
tion, welding, etc. Important sections of the book 
are devoted toeleotrolytic refining, those on copper 
and silver processes and plants being notably 
instructive. 


ALTERNATING CURRENTS AND ALTERNATING CUR- 
RENT MACHINERY; Being Vol. II. of Text-book 
on Electromagnetism and the Construction 
of Dynamos. By Dugald C. Jackson, C. E., and 
John P. Jackson, M. E. New York: The Mac- 
millan Company. 729 pages, 334 illustrations. 
Price, $3.50. 

This volume takes up the principles of alternating 
currents which enter into the design and operation 
of alternators, transformers and alternating current 
motors. Under the first head are treated windings. 
the magnetic circuit, characteristics, regulation, out- 
put, efficiencies, etc. Under transformers are chap- 
ters on mutual inductance, iron and copper losses, 
efficiencies, design, etc. All of the various forms of 
alternating current motors are considered, and there 
are chapters on polyphased transformers and the 
measurement of powerin polyphased circuits. This 
work is undoubtedly the best yet written on the sub- 
jects of which it treats, the authors viewing every- 
thing from the practical standpoint, as far as that is 
possible in a professed text-book, Its reading re- 
quires a knowledge of elementary calculus, 


TRADE PUBLICATIONS. 


Fan Motors. J. P. Williams, 39 Cortlandt Street, 
New York, in anticipation of the coming fan season, 
has issued a catalogue of the ‘‘ Paragon ” fan motor. 
This is of the iron-clad type, and is claimed to be 
highly efficient and entirely noiseless in operation. 


Leather Belting. In a handsome 274-page pam- 
phiet, Chas. A. Schieren & Company, of 45 Ferry 
Street, New York, give views of their various office 
buildings, and photographic reproductions showing 
in rolls some of the monster helts they have turned 
out. Among these are four rolls of 72-in. belting, 
aggregating 534 ft., and three rolls of 64-in. belting, 
aggregating 590 ft. 


Corliss Engines. The Ranken & Fritsch Foun 
dry & Machine Company, of St. Louis, Mo.,in a 
new catalogue, illustrates and describes its horizon- 
tal and vertical types of Corliss engines. The 
various details of the engine are separately illus- 
trated and described, the pamphlet in this respect 
being a concise and practical technical treatise on 
modern engine design and building. 


Steam and Water Specialties. The Monash- 
Younker Company, 201 Canal Street, Chicago, is 
sending out a wallet containing two catalogues— 
one of steam and water specialties and the other of 
the fittings employed if its new method of con- 
necting lead pipe without the necessity of soldering 
or wiping the joints. The wallet is strongly made 
and suitable for containing letters and memoranda 
that otherwise would be carried loose in the pocket. 


Light Cars. The Sheffield Car Company, Three 
Rivers, Mich., in a 96-page catalogue illustrates num- 
erous kinds of light cars, including all variaties of 
hand track cars for workshop use in transferring 
work and material. The equalizing electric motor 
truck of this company is especially designed to 
lessen the wear on rails by minimizing the force 
of the blow at the joints. The truck is adapted for 
either single or double reduction motors, 
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Self-Cooling Condensers. In a 24-page pam- 
phlet, issued by Henry R. Worthington, 86 Liberty 
Street, New York, a very complete and well-illus- 
trated discription is given of the Worthington self- 
cooling condenser, which produces a vacuum with- 
out natural water supply. As a treatise on the 
subject of condensation by the self-cooling method, 
now entering largely into practice, this little pam- 
phliet will interest all engineers and others having 
to deal with steam utilization. 


Sewing Machine and Battery Motors. The Kent 
Electric Manufacturing Company, of Worcester, 
Mass., has issued a descriptive catalogue of its new 
alternating-current sewing machine, fan and bat- 
tery motors. By means of the former and its 
attachments a sewing machine can be runat any 
speed, from the highest to the lowest, and started 
with full-load torque. The fan motors are of both 
the induction type for alternating currents, and 
continuous current type for battery currents. 


BUSINESS NEWS. 


The Partridge Carbon Company, of Sandusky, O., 
had a fine display of motor carbons at the St. Louis 
Convention. The secretary of the company, Mr. J. S. 
Speer, was in attendance. 


Mr. W. F. Richardson, formerly of the Metro- 
politan Electric Company, of Chicago, is now acting 
as manufacturers’ agent for rubber wires and cables, 
electrical supplies, etc. His address is 1436 Monad- 
nock Block, Chicago. 


The Crane Company, of Chicago, exhibited at the 
American Street Railway Convention some of its 
high pressure valves, including one of the largest 
ever made. The exhibit received a great deal of 
attention from street railway men. Messrs. Berry- 
man and Hurd were in attandance. 


The Ohio Brass Company, of Mansfeld, O., had 
a very elaborate display at the Street Railway Con- 
vention of everything used in overhead electric 
railway construction. Mr. C. K. King, secretary of 
the company, was present, together with Mr. Arthur 
L. Wilkinson. 


The Heine Safety Boiler Company, St. Louis, 
made a fine display at the recent Street Railway 
Convention ip that city of a full sized boiler; also a 
working model of the well known Heine pattern. 
A neat aluminum souvenir was given away, on one 
side of which was the legend ‘Helios holds the 
record on evaporation. We come next.” 


The Westinghouse Machine Company recently 
received through its Paris branch an order for a 
1200 HP engine, similar to those exhibited by that 
company at the World’s Fair, which would seem to 
indicate that some features of the great Exposition 
made substantial and lasting impressions on foreign 
visitors. The engine isto be used in an electric 
lighting station in France. 


The Western Telephone Construction Company, 
Chicago, had its interests well looked after at the 
St. Louis Convention by Mr. Chas. P. Platt. The ex- 
hibit consisted of a very handsome switchboard, to- 
gether with various forms of telephones and appli- 
ances. Thiscompany is making a telephone system 
especially adapted to the needs of street railway 
companies, and is meeting with the best of success. 


The Stromberg-Carison Telephone Manufactur- 
ing Company, Chicago, has removed its office and 
factory from 172-174 S. Clinton Street, to the new 
building at the corner of Jackson Boulevard and 
Clinton Streets. This change was made necessary 
owing to the increased bnsiness of the company and 
the great need for better facilities. Additional ma- 
chinery has been put in and the increased floor space 
will enable the company to facilitate its business in 
every way. 

The Electric Appliance Company has recently 
furnished a special order of sooo ft. of armorite iron 
armored interior conduit specially painted while 
hot with a compound designed to protect the iron 
pipe from rust and corrosion. While this protection 
is not generally necessary in using iron armored 
conduit, it seemed desirable in this particular case, 
and experts have pronounced this carload of conduit 
to be the finest lot of iron armored conduit that has 
been seen in Chicago. 


The Chicago Insulated Wire Company, Chicago, 
exhibited at the Street Railway Convention last 
month an excellent display of weather-proof wire 
and cables. Au attractive feature of the exhibit was 
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a pyramid twelve feet in height. The company 
showed line and feeder wires from the smallest sizes 
to cables of 500,000 cm. An exhibit wasalso made of 
some bandsome reels of magnet wire. Mr. Wm. M. 
Smith, the treasurer, was in attendance and distrib- 
uted neat souvenirs in the form of small spools of 
fine silk magnet wire. 


The Emerson Electric Manufacturing Company. 
St. Louis, has just removed to 718 St. Charles Street, 
The new quarters are large and commodious, a 
whole floor being occupied with offices, machinery, 
tools, etc. The new location is much more desirable 
than the former one, and affords the company every 
facility for conducting its business to better advan- 
tage. Among the work with which the company 
has been especially busy of late, is that of making 
several switchboards. The company is very much 
pleased with the outlook for future business. 


Lounsbury & Company, Chicago, report an en- 
couraging increase of inquiries and orders for elec- 
tric chain hoists, one of their specialties; also an in- 
creased demand for their dynamos and motors. 
The Portland & Middletown Bridge Company, 
which operates the bridge across the Connecticut 
River at Middletown, Conn., has applied electricity 
to raise the bridge gates by using two Lounsbury 
electric chain hoists of 6000 Ibs. capacity cach. This 
is the first application of electricity for this service, 
and is considered novel as well as practical. 


Saving of Fuel. The C. & B. Attachment Com- 
pany, of ro Warren Street, New York, has received 
a flattering letter from the Anniston (Ala.) Gas & 
Light Company, concerning the success attained in 
the use of the C. & B. boiler attachment. ‘One of 
our boilers on which this attachment was placed,” 
the letter states, ‘‘was under fire continually for 
several months when the plant was first erected, 
owing to the fact that we had no other boiler to put 
in use. During that time a coating of scale was 
formed, which, in spite of our efforts, we were 
unable to remove until your attachment was put in 
position, and now the boiler is entirely clean, and 
this without the use of any compound whatever 
since the change. As soon as I can make arrange- 
ments I shall have you place one of these attach- 
ments on our remaining boiler.” 


K. McLennan & Company, of Chicago, manufac- 
turers of Gale’s commutator compound, had in 
attendance at the St. Louis Convention its manager, 
Mr. M. J. Isaacs. Mr. Isaacs made a decided hit in 
distributing an advertisement in the shape of a 
state warrant. A display was made of samples of 
the commutator compound, and samples were given 
away to everyone interested. Since the Convention 
the shipments of commutator compound have been 
large, particularly to new territory, chiefly Canada. 
The street railway companies of St. Louis have 
adopted the compound, and their adoption can be 
traced directly to the result of a trial of a free sam- 
ple stick obtained at the Convention. Mr. Isaacs 
invites all users of generators and motors to send 
for a free sample stick of the compound and test it 
for overcoming the sparking and cutting of their 
commutators. 


The Sunbeam Incandescent Lamp Company, 
Chicago, makes an important announcement tothe 
effect that it has arranged to sell its entire output 
of lampsthroughthe Western Electric Company, 
Chicago. The Western Electric Company is known 
throughout the world, and with its unequaled sell- 
ing organization this arrangement should prove to 
be of great benefit to the Sunbeam Company. The 
business will be done in the name of the Sunbeam 
Company which wil] therefore still keep its identity, 
but its sales department will be removed to the 
Western Electric Company’s building, No. 242 S. 
Jefferson Street. The same announcement gives 
the information that the new factory at Desplaines, 
Ill., is now in full operation and that the most 
modern machinery and apparatus used in lamp 
mauufacturing have been added in every depart- 
ment, making the factory one of the most complete 
in existence. Its capacity is already being taxed to 
take care of its increasing business. 


Messrs.Bryan & Humphrey, consulting mechan- 
icaland electrical engineers, Turner Building, St. 
Louis, find business quite satisfactory in spite of the 
prevailing depression. They have just made an 
investigation and report on a 2000-HP steam plant at 
Columbus, O., where after makinga few changes in 
the arrangement and operation of the plant, the 
fuel efficiency was increased nearly 40 per cent. 
They also have recently finished or have in hand 
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boiler and engine work as follows: Laclede Car 
Company, Herf & Frerich’s Chemical Company, 
Consumer's Brewing Company, St. Louis Sanitary 
Company, Fraternal Building, John O’Brien Boiler 
Works Company, Hitchcock Buildings, all of St. 
Louis; Edwardsville (1I11.) Electric Light & Power 
Company, Rich Hill (Mo.) Milling Company, Belle- 
ville (I11.) Gas Light & Coke Company. Electrical 
work: City of Staunton, 111., City of Webster Groves, 
Mo., Dozier Bakery, A. Leschen & Sons Rope Com- 
pany, St. Louis Iron & Machine Works. Ely-Walker 
Dry Goods Company, Amplified Electric Company, 
all of St. Louis. Heating and ventilating: The new 
St. Louis City Hall, Y. M. C. A. Building, Missouri 
Medical College, and residences of W. E. Beckman, 
and L. D. Dozier, all of St. Louis; J. D. Gerlach, 
Chester, Ill. Also municipal water works plants for 
the cities of Pacific and Union, Mo. In addition to 
the above, they have handled a great deal of less 
important work. They also have in hand the pre- 
liminary work for some important electric railway 
projects. 


The American Engine Company,of Bound Brook, 
N. J., has begun the shipment of its new engines, 
known to the trade as American-Ballengines. The 
first of these engines of 100 HP capacity has gone to 
the Detroit /vening News and the second,a §0-HP en- 
gine, tothe Savannah Acws. Since the addition of 
this new line of work, the business of the American 
Engine Comipany has increased so that it is 
now compelled to run double time, having installed 
anight force. Inthe electrical department, among 
the recent shipments are the following: Cliff Paper 
Company, Niagara Falls, N. Y., two motors, 150 HP 
each; Detroit (Mich.) rening News, two dynaimos, 
each 25 kw; Albany Morning Express, Albany, N. 
Y.,one 18-KW dynamo; Oakland (Cal.) 7rzbune,25-HP 
motor; A.N. Kellogg Newspaper Company, Chicago, 
Ill., four 15-HP and one 25-uP motor; Topeka Capital 
Topeka, Kan., 5-HP motor; Boston Traveler, 12-HP 
and §-11P motor; Worcester (Mass.) Post, 9-KW dy- 
namo; Cincinnati /vs/, 35-HP motor; Philadelphia 
News, 25-HP and one 3-HP motor; Elmira Gazette, 
25-HP motor; American Newspaper Publishing Com- 
pany, 25-HpP motor; Carrington Publishing Com- 
pany, -HP motor; J. B. Cranfill, Waco, Tex., 25-HP 
motor; Fall River Publishing Company, Fall River, 
Mass. one 25-HP and 3-HP motor; Saginaw ( Mich.) 
Evening News, 12-HP motor; B. A. Meade Company, 
Augusta, Me., 3-HuP motor; Chicago Journal, 15-HP 
motor; Grand Rapids (Mich.) Democrat, 15-Hp and 
3PH motor; St.Paul (Minn.) Proncer Press, 15-HP 
motor; Wallace Publishing Company, Des Moines, 
Ia., 12-HP motor; New York 7rrbune, two I5-HP 
motors; Rubber Tire Wheel Company, New York, 
N. Y., 12-HP motor. 
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Did You Ever See an Indian ? 


Expect not, so send a two cent stamp to the Gen- 
eral Passenger Agent Colorado Midland Railroad, 
Denver, and he will send you a fine colored picture 


of one. 
—e 


Spend Your Vacation in the Monntains, 


But first write the General Passenger Agent of 
the Colorado Midland Railroad, Denver, for maps, 
views, and descriptive matter, so as to know where 


to go. 
a 


Tours in the Rocky Mountains. 


The "Scenic Line of the World,” the Denver & 
Rio Grande Railroad, offers to tourists in Colorado, 
Utah and New Mexico the choicest resorts, and to 
the transcontinental traveler the grandest scenery. 
The direct line to Cripple Creek, the greatest gold 
camp on earth. Double daily train service with 
through Pullman sleepers and tourists’ cars between 
Denver and San Francisco and Los Angeles. 

Write S. K. Hooper, G. P. & T. A. Denver, Col- 
orado, for iHustrated descriptive pamphlets. 


e 
CALIFORNIA. 


lf you are going there 


by all means inquire about the Burlington Route 


Personally Conducted Excursions to San Francisco 
and Los Angeles, which leave Chicago every Wed- 
nesday with a Pullman Palace Tourist Car through 
to destination. The Route is via Denver, the Den- 
ver & Rio Grande Ry. (Scenic Line, and Salt Lake 
City. The Cars are fitted with carpets, upholstered 
seats, mattresses, pillows, blankets, bed linen, berth 
curtains, toilet rooms, heat and light, and, in fact, 
all the conveniences of a standard Pullman Palace 
car; they lack only some of the expensive finish of 
the Pullmans run on the limited express trains, 
while the cost per berth is only about one-third (33) 
of the price. 

Write for full particulars to T. A. GRADY, Excur- 
sion Manager, C., B. & Q. R. R., 201 Clark Strect, 
Chicago, Ill. 
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ELECTRICITY AT THE COLLEGE OF PHY- 
SICIANS AND SURGEONS. 


N extensive application of electricity is 
found at that branch of Columbia 
University known as the College of 

Physicians and Surgeons. Of course, the 
building is electrically lighted, but elec- 
tricity is also utilized to furnish power for a 
number of purposes, and it also has an ex- 
tensive application in surgery and medicine. 
The equipment is very complete in all of its 
details, having been given careful thought. 

The source of power is, of course, the 


FIG. I.—DIRECT CONNECTED GENERATOR. 
ELECTRICAL “GENERATING PLANT 


New York, December, 1896, 


boiler room, and it is, therefore, appropriate 
to describe it first. It consists of a battery of 
five Tudor boilers, each rated at 60 HP, thus 
making 300 HP in all. These are simple 
return tubular affairs, supported in an ordi- 
nary brick setting, and are said to do very 
good work. A newer portion of the steam 
equipment consists of a pair of the most 
improved Abendroth & Root water tube 
boilers, with a full complement of improved 
fittings, including McClave shaking grates 
and Locke damper regulators. Each of 
these boilers has a steaming capacity of 
150 HP. A thin pea coal fire is used, and 
readily maintains a pressure of 110 Ibs. of 
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FIG. 2,—MAIN GENERATORS. 


No. 8. 


steam, about 534 to 6 tons being consumed 
daily. The boilers are fed from a drip tank 
that derives its chief supply from the con- 
densation of the engines and pumps, the 
deficiency being made up from the city 
mains. Thus the water is practically free 
from foreign material, and no trouble from 
scale is experienced. The water is fed to 
the boilers by a pair of duplex pumps, either 
of which can take care of the feeding alone. 
This system is supplemented by an injector, 
and it will be readily seen that the chance 
of failure of the feed is very small. A gen- 
eral view of the boiler room is shown in 
Fig. 3, and it will be noted that it is a spa- 
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FIG. 3.—-BOILER ROOM. 


OF THE COLLEGE OF PHYSICIANS AND SURGEONS. 
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ious well lighted apartment, in no way 
cramped. š 

The steam which is generated is conveyed 
through a magnesia-covered steam pipe sys- 
tem which is very ingeniously and effect- 
ively drained. A long system of small 
pipe runs directly under all of the large 
mains, and is connected therewith at each 
fitting. Thus all the pockets and other parts 
of the system are effectively drained, and 
the condensation is trapped off to the drip 
tank. 

The steam pipe system is so connected 
that the steam from any boiler can be used 


FIG. 4.—MAIN SWITCHBOARD. 


with any engine. The large boiler system is 
used for power and the smaller for heat. 
The two are connected by a reducing valve, 
and thus the large boilers can supplement 
the smaller ones should it prove necessary. 

The engines consist of a pair of 75-HP. 
Allis-Corliss engines, and a high speed 
Ideal engine of about 45 HP. The Corliss 
engines are identical except that one is right- 
and the other is left-handed. They run at 
92 r. p. m., and have a three-foot stroke and 
a cylinder diameter of 12ins. The flywheel 
is of cast iron and is 12 ft. in diameter with 
a 17-in. face, upon which operates a 16-in. 
belt driving a generator. The engines ex- 
haust through a grease extractor into a Gou- 
bert feed-water beater, and thence into the 
heating system of the building. A pump 
drains the system and serves to relieve the 
back pressure. 

The Ideal engine is about 8 X 12 ins, cylin- 
der dimensions and runs at a speed of 300 r. 
p.m. This engine is directly connected toa 
six-pole, 30-kw Crocker-Wheeler generator. 
This machine is of the drum type with spiral 
end connectors. It is neat and attractive in 
appearance and operates very quietly and 
sparklessly. The belted generators run at 
360 revolutions. One is a Crocker-Wheeler 
machine, and the other is a Walker dynamo. 
Both are of 50 Kw capacity, wound on a 100- 
Kw frame. The Crocker-Wheeler machine 
has a ring armature, and is of the four-pole 
type. The winding is a simple Gramme, 
and four brushes are used. The Walker 
generator is very similar in general appear- 
ance to its mate, but it possesses a number 
of points of difference. The armature is a 
drum winding and the barrel system is 
adopted. The end disk is so shaped that it 
both supports and protects the ends of the 
coils, which are thus far removed from the 
shaft, and free from any grease and dirt. 
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Both machines have self-oiling bearings 
and are strictly modern products of their 
class. 

The machines operate in multiple, and are 
connected to the bus bars by three-pole 
switches; there is also an equalizer switch 
for each machine. The extra jaw of the 
three-pole switch carries a second negative 
wire. The building is wired on the three- 


wire system, with the neutral twice the size 
of the other two wires, and as at present 
-connected it forms common wire for the two 
outside negatives. 

A circuit breaker is provided for each 
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decidedly superior to the average location 
allotted to engines and dynamos. In an ad- 
joining room there are a number of pumps to 
operate the various hydraulic systems of the 
building. Two of these are compound duplex 
service pumps delivering directly into a 
stand pipe; 12 ins. in diameter and 140 ft. 
high, located in the tower of one of the 
groups of buildings. The height of the 
water in the stand pipe, equivalent to 45 Ibs., 
is maintained by the use of a pressure regu- 
lator on the pumps. The remaining pump 
circulates brine for the cooling system in 
the Sloane Maternity Hospital and the patho- 


machine circuit and there are thirteen sub- 
circuits. There are three ammeters and one 
voltmeter and an ammeter and voltmeter 
for the storage battery plant. The board is 
supplied with ground detectors and the 
rheostats are back of the switchboard. The 
board, which is of white marble and both 
tastefully decorated and conveniently ar- 
ranged, is illustrated in Fig. 4. 

While not modernized to the extent of 


logical department. The storage battery 
plant is not very extensive, but is a con- 
siderable source of economy aside from sup- 
plying an absolutely steady current, such as 
is needed in electro-therapeutical work. It. 
is shown in Fig. 5, and consists of a battery 
of 60 chloride accumulators of a capacity of 
260 ampere hours. 

The plant is provided with a complete 
little repair shop consisting of a number of 
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FIG. 6.—ELECTRIC POWER WASHING MACHINE. 


entire direct connection, yet the plant oper- 
ates fully as quietly as the best of any exist- 
ing plants. From Figs. 1 and 2 it will be 
seen that the arrangement is above criticism, 
the room accorded to the apparatus being 


machine tools driven by a C. & C. motor. 
through the medium of a system of counter- 
shafting. This feature is one that, in view 
of the various kinds of machinery used in 
large buildings, would there be found an 
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extremely convenient and money-saving ad- 
junct. 

The laundry of the Sloane Hospital is in- 
teresting in that the several machines there- 
in are electrically driven and directly con- 
nected to their motors. The motors are of 
the Card Cincinnati type, and were adapted 
to laundry machines made by the American 
Laundry Machine Company of the same 
city, which company installed the laundry 
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A. Darling, the superintendent of the build- 
ings and grounds, ably seconded by the 
assistant engineer, Mr. Frederick A. Goetze, 
who is now in immediate charge of this 
group of buildings. Mr. Chas. B. Larson, 
the engineer in chief, is largely responsible 
for the creditable appearance and the ex- 
cellent maintenance which is a feature of 
this installation. 

In the Vanderbilt Clinic connected with 
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FIG. 7.—ELECTRIC POWER CENTRIFUGAL DRIER. 


plant from designs prepared by their me- 
chanical engineer and superintendent, Mr. 
W. S. Rogers. The washing first passes 
through a steam washing machine which is 
given an oscillatory rotating motion by 
special gearing. This gearing is well illus- 
trated in Fig. 6. A scroll on the outer sur- 
face of a clutch operates a worm wheel which 
reciprocates a shipper and throws the wash- 
ing drum first in gear to give rotation in one 
direction, and then change to a reverse ro- 
tation. 

When the clothes leave the washing ma- 
chines they are dried in a centrifugal drier 
which is shown in the foreground of Fig. 7. 
This compresses them in a mass so compact 
that they must subsequently be passed 
through a tumbler ( shown in Fig. 8), in 
order to separate them. The clothes then 
pass to the ironing machine (shown in Fig. 
7). An interesting feature of this machine 
is that it is driven by a motor of but 3.5 HP 
and yet the speed is at the extremely low 
figure of roor. p.m. This motor takes 25 
amperes at 110 volts. The motor driving 
the drier runs at 1050 r. p. m., and the other 
motors have a speed of 600 r. p. m. each. 
This laundry is the first electrically driven 
one in the country that is operated by direct 
connected motors. 

The building is ventilated by a system of 
fans, most of which are directly driven by 
electric motors. There are in all sixteen 
fans and ten motors of various makes. An 
electric elevator completes the list of elec- 
trical appliances using moderately large 
amounts of power. It is of the drum type 
and driven by one of the original Eicke- 
meyer motors. It is said to give excellent 
satisfaction. A view of the hoisting appara- 
tus is shown in Fig. 9. 

The credit for the design and execution 
of the entire plant is due to Mr. |Edward 


the Hospital, there are a number of medi- 
cal switchboards installed by Freedman, 
Rennard & Company (Figs. 10, 11, 12and 15) 
and by J. C. Vetter & Company (Figs. 13 
and 14), which are of much interest. 

The electrical currents are supplied to the 
medical boards by a double-voltage dynamo 
which closely resemblesa rotary transformer 
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from this machine are remarkably smooth 
and have no suggestion of the jagged wave 
form—often so distressing to patients that a 
storage battery has to be substituted. This 
dynamo has a capacity of about 2 HP. Its 
fields are excited from the 110-volt side, and 
are highly saturated. Current is distributed 
to the various boards by means of Kerite 
wire run in Circular Loom tubing. 

There are three principal currents that 
such switchboards as those just referred to 
must deliver. 

1. A low voltage current in considerable 
quantity for the purpose of heating the 
platinum wires of the cauterizing knives to 
redness. 

2. A direct current, the voltage of which 
can be varied from o to a maximum of 100 or 
more volts. This current is -very small and 
is passed directly through the parts of the 
system that are affected. 

3. An interrupted current of high voltage 
such as is obtained from a small induction 
coil. This current is called the ‘‘ faradic 
current ” by the medical profession, the di- 
rect current being named the ‘‘ galvanic 
current.” 

It is needless to say that all of these cur- 
rents must be under complete control, and 
the methods of accomplishing this will now 
be explained in connection with the boards 
installed by the first mentioned firm. 

In Fig. 10the control of the cautery circuit 
is shown, which at a glance will be seen to 
be very simple. The circuit is opened and 
closed by the button, 4, and an adjustable 
resistance, X, controls the amount of current 
that is allowed to pass. This resistance 
consists of small carbon pencils, about X in. 
in diameter and 4 ins. long. The resistance 
may be varied from o.2 ohm to Io ohms. 
The maximum current is 30 amperes. 
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FIG. 8.—ELECTRIC POWER TUMBLER. 


for direct currents, except that it is driven 
by a pulley from an outside source of power. 

One commutator supplies current at 110 
volts and the other at Io volts. The currents 


Fig. 11 illustrates the arrangement for the 
galvanic circuit. It is opened and closed 
by an appropriate device at 4. Two lamps, 
L,and L,, form a limiting resistance; Z, 
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has a keyless socket, but Z, has a keyed 
socket, and can be thrown on and off at 
pleasure. All of this current does not flow 
through the patient, who is placed in a cir- 
cuit derived from the main circuit at the 
points a and b. Between these points on 
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FIG. 9.—ELECTRIC ELEVATOR. 


the main circuit are two rheostats, and it is 
obvious that as the resistance of these is ad- 
justed to higher values, the voltage will rise 
between the points a and 4, and thus force 
more current through the derived circuit. 
A milliammeter, M, placed in the derived 
circuit, serves to measure the amount of cur- 
rent the patient is receiving. It will be 
noted that there are two rheostats. The 
reason for this is that a single rheostat of 
an equal number of points would be exces- 
sively large, and as compactness is a desider- 
atum, the two are used. 

The faradic or induction coil circuit is 
shown in Fig. 12. Across the 110-volt system 
are connected in series a lamp, Z, the pri- 
mary of the induction coil and a variable 
resistance, X. / represents the interrupter, 
and by adjusting the pressure of a little 
screw the frequency can be varied. The 
secondary coil consists of a number of sec- 
tions, and any number of them can be used, 
or they may be cut out altogether by the 
switch, 4, thus varying the intensity of the 
current. The intensity is further varied by 
A,a Vetter current controller, a very ingeni- 
ous adjustable resistance. A short rubber 
tube is filled with powdered carbon, and the 
ends thereof closed by flat plates which 
can be forced together by screw pressure. 
This compresses the carbon and reduces its 
resistance as a whole. The rubber tube 
bulges out on either side and accommodates 
the surplus carbon. When the screw press- 
ure is released, the tube by its elasticity 
restores the rheostat to its former condition. 
When it is realized that the current fiom 
the induction coil is very small and the re- 
sistance of the circuit as a whole is very 
high, it will at once be realized that the 
resistance of the controller must vary be- 
tween wide limits in order to be at all effect- 
ive. The fact that it is so successfully used 
for this purpose speaks very well for its ex- 
treme range. 

The induction coil, C, is also provided with 
a shield which serves to reduce the inductive 
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effect of the primary on the secondary. 


By its means a very delicate graduation of. 


the intensity of the current is attained. 

In Fig. 13 is shown a Vetter electro-thera- 
peutical wall base, which, when connected 
with the 110-volt incandescent current, is so 
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FIG. 10.—DIAGRAM OF CAUTERY 
CIRCUIT. 


constructed as to furnish galvanic and faradic 
currents, and a combination of both currents. 

In applying the galvanic current, the 
patient is placed in a shunt circuit through 
the electric light fixture on the top of the 
wall base, by means of which the voltage of 
the current can be varied from 20, 40, 60 to 
roo volts, according as the candle-power of 
the lamp in the fixture is changed. The 
same is applicable to the faradic current, the 
patient at all times being in a shunt circuit. 

The galvanic current is controlled by 
means of a carbon current controller, de- 
scribed above, and the current passing is in- 


FIG. II, —DIAGRAM OF 
GALVANIC CIRCUIT. 


[VoL. VIII. No. 8. 


The faradic current comes through an in- 
duction coil tapped at four different lengths; 
its quantity can thereby be selected at will 
by means of a convolution switch, and the 
current can besides be regulated by means of 
the helix. When the a atic switch 
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FIG. I2.—DIAGRAM OF 
FARADIC CIRCUIT. 


is placed in the center, both galvanic and 
faradic currents can be obtained at once, 
and be applied to the patient from the same 
terminals, and increased or decreased at will, 
so that either current can be made to pre- 
dominate. The accompanying cuts illus- 
trate the wall base. ` 

The Clinic is also supplied with a Vetter 
electro-therapeutic cabinet (Fig. 14) which, 
when connected with the r1o0-volt current, 
supplies galvanic, faradic and cautery current 
and current for diagnostic lamps. It varies 
particularly from the above described wall 
base in being provided with volt selectors, 


FIG. 13.—ELECTRO-THERAPEUTIC WALL BASE. 


dicated on a milliammeter provided with 
two readings, both having such a range that 
a fraction of a milliampere can be read. A 
pole changer is provided for the purpose of 
changing the polarity at the outlet, 


by means of which the galvanic current can 
be selected in single volts from 1 to 110, so 
that not only the ampereage, but also the 
voltage, can be controlled in the most minute 
manner, it being impossible at any time for 
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the voltage of the current applied to exceed 
the amount for which the volt selector is set. 

A small volt selector is also supplied for 
the faradic current, enabling this current to 


=— 
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tion to the above, this cabinet supplies a 
cautery current sufficient to heat cautery 
knives and the cautery loop, and at the same 
time, a current for small diagnostic lamps, 
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FIG. I4—ELECTRO-THERAPEUTIC CABINET. 


be modified in various ways: First, by the 
convolution switch selecting the length of 
wire; second, by the volt controller selecting 
the voltage to be used with the current; 
third, by means of the helix—covering and 
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FIG. I5.—SURGICAI MOTOR. . 
uncovering the secondary coil, varying the 
current; and fourth, by the carbon current 
controller, by means of which the galvanic 
as well as the faradic current can be modi- 
fied in the most delicate manner. In addi- 


such as the electric photophore, cystoscope 
and others, which may be used at the same 
time. The lower part of the cabinet con- 
tains the motor generator for the cautery 
current, and also furnishes drawers to hold 
the various electrodes, etc. 

Some of the boards (including the last 
described) receive their current through 
a Vetter current adapter. This resembles 
an ordinary plug, but carries a small 
switch whereby its free terminals are 
switched in multiple or series with the 
lamp. Thus the full voltage or the voltage 
less the drop in the lamp, may be had at 
pleasure. 

In some of the booths where certain dis- 
eases are treated, it is necessary to have a 
small motor to drive bonesaws and drills and 
the various surgical hand pieces. This 
motor is usually connected into the cautery 
circuit as shown in Fig. 15. 

The motor field is connected directly across 
the 10-volt terminals and the armature is in 
series with a flow push that connects it in 
circuit and also with a rheostat that varies 
its speed. The same rheostat serves to regu- 
late the current that the cauterizer,receives, 
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VOLTMETER MEASUREMENT OF INSULA- 
TION RESISTANCE. 


BY W. B. HALE. 


The results obtained by Mr. Corson in his 
article on the measurement of insulation re- 
sistance by means of a voltmeter, published 
in the November AMERICAN ELECTRICIAN, 
while undoubtedly correct, may be reached 
by a simpler process, and one which will, I 
think, be more easily remembered and ap- 
plied by the practical electrician. 

He assumes that ‘‘the combined resist- 
ance of voltmeter and ground is so great 
that the current flowing through the path 
will not affect the drop in potential through 
such conductors as 4 B and BC.” This 
being so, we may consider 4, B and C as 
points having a fixed difference of potential, 
the sum of these potentials being V. 

Now, disregarding the word ‘‘volts’’ as 
applied to the scale readings, let us con- 
sider the voltmeter as a current indicator 
(which in this case it is), The problem 
may now be worked out in the following 
simple manner: 

A deflection of 500 divisions on voltmeter 
scale represents the current resulting when 
500 volts are applied to the resistance of the 
voltmeter, which is, in the example given 
by Mr. Corson, 60,000 ohms. The constant 
of the voltmeter (that is, the resistance cor- 
responding to a deflection of 1 scale divi- 
sion, with same voltage) is therefore 60,000 
X 500 = 30,000,000 ohms. 

Now, if the current through the voltmeter 
when connected between positive main and 
ground is represented by 35, and when con- 
nected between negative main and ground 
by 15 scale divisions, the sum of these read- 
ings must indicate the current that the 
entire voltage (500) would send through 
the voltmeter in series with a resistance 
equal to that of the ground. And so, re- 
ferring to our constant, 


1 div. deflection = 30,000,000 ohms; 

n — 30,000,000 __ 
50 

600,000 ohms; and the resistance of the 

ground is therefore 600,000 — 60,000 = 

540,000 ohms. 

Any electrician who has occasion to make 
frequent measurements of insulation resist- 
ance with a voltmeter will find this work 
much simplified by knowing the constant of 
his instrument for the voltages he commonly 
meets with. He can then determine such 
resistances with very considerable accuracy 
by a simple mental computation. In fact, 
where the resistance of the voltmeter is 
small compared with that of the ground, it 
may be disregarded entirely. The volt- 
meter will then indicate very closely the 
resistance of the ground, it being inversely 
proportional to the deflection of the needle 
as compared with the constant of the in- 


therefore 50 div. deflectio 


strument. 


Take as an example the voltmeter re- 
ferred to above. Its constant for a 500-volt 
circuit is 30 megohms. If a deflection of, 
say, 6 divisions is obtained when the instru- 
ment is connected between one main and 
ground, it will be seen ata glance that the 
insulation resistance of the other main is 


approximately = = 5 megohms, 
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Compressed Air in Railway Work. 


BY PROF. WM. S. ALDRICH. 


Compressed air has been stated to be the 
most important rival of electricity for the 
distribution of power in railway work. 
There are, no doubt, undisputed fields to 
which each system is peculiarly applicable— 
in which one or the other is and will con- 
tinue to be almost exclusively used, as elec- 
tricity for light, and compressed air for 
ventilation and for refrigerating purposes. 

For power distribution, however, Prof. 
Unwin believes that the compressed air sys- 
tem will meet all of the conditions more com- 
pletely and satisfactorily than any other 
system hitherto carried out, not excepting 
the electrical. 

For street railway work, also, it is daily 
becoming more apparent that compressed 
air has entered the field as the only rival of 
the electrical system. In other cases of what 
may be termed light railway service, as in 
mine haulage, whether on the surface or 
underground, the compressed air system 
claims the peculiar advantages of flexibility 
and the use of entirely independent units of 
motive power. For light freight service it 
has also been adopted, as well shown in the 
illustration (Fig. 1) of the compressed air 
locomotive used for haulage work among 
our Southern cotton warehouses and com- 
presses, at the terminal of the New Orleans 
& Western Railroad, at Port Chalmette, La. 
This latter example is one of the most com- 
plete and satisfactory of the late installations 
of compressed air for motive power work. 

In mine haulage and the transmission of 
power from a central point to the various 
mining drills, mining pumps, etc., com- 
pressed air has long held an almost undis- 
puted sway. The by-product of such an 
agent in the transmission of power furnishes 
cool, fresh air for ventilation and imiprove- 
ment of the atmosphere inthe workings. In 
certain lines of mining also, there is in com- 
pressed air work no danger from fire, as has 
been argued to the disadvantage of the elec- 
tric transmission. In mining developments 
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The compressed air furnishes the motive 
power for drills, cutters and pumps where 
most applicable, and at such points as re- 
quire the most thorough ventilation the air 
exhaust performs- valuable service. Com- 
bined with this would be the electric system 
supplying the needed lighting facilities for 
mining work. For pumping service in the 
mine, compressed air will no doubt long 
continue to be used, notwithstanding its so- 
called ‘‘ freezing up’’ of the exhaust The 
electric mine pump has not yet been suffi- 
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ing station near the center of distribution 
for a downtown district. The frequent 
stops required in such locations would, of 
course, necessitate more frequent renewals 
of air supply than in an outlying district in 
the suburbs. There is no reason why such 
compressed air plants should not be located 
as advantageously with respect to the supply 
of fuel and condensing water as has been 
done for the electric railway plant. In fact, 
there is much less necessity for locating 
such a generating station near the center of 


FIG. I.—HARDIE COMPRESSED AIR CAR. 


. 


ciently developed to replace the ordinary 
steam pump worked by compressed air. ` 
For surface haulage and motive power, 
compressed air has certain inherent advan- 
tages which have from time to time been 
more or less brought forward in its advocacy. 
Chief among these, we believe, will be found 
to be the independent nature of the motor or 
motor car. The compressed air in the case 
of long lines is distributed through suitable 
pipes or mains placed a few inches below 
the surface of the roadbed. These are 
tapped at definite intervals so that the air 
storage tanks or reservoirs of the motor 
power can be replenished at such points 
along the line where recharging will 
most probably be required. This places each 
motor car on an independent basis. The 


distribution than in the case of the electric 
plant. 

The pressure of air to be utilized for such 
a distribution becomes a vital question. It is 
that which in fact has given compressed air 
very little reputation for power transmission. 
For in its most frequent use it is not worked 


. expansively in the air motor or engine as in 


the case of steam, and thus the efficiency 
diminishes very rapidly with increase of the 
initial pressure. 

The most economical manner of com- 
pressing the air is by what is known as fso- 
thermal compression. Under such condi- 
tions the air is taken in at the ordinary 
pressure and temperature of the atmosphere 
of the street, let us say, and compressed to 
four or five atmospheres without any change 


through compressed air drills, the fields have 
been invaded by the electric drill, the elec- 
tric coal cutter, and at the same time elec- 
tricity furnishes the most satisfactory light 
for the various operations in the workings. 

It would seem that for general mining 
work the combination of the two systems 
might have inherent advantages over either, 


FIG. 2.—PORTER COMPRESSED AIR LOCOMOTIVE. 


service can be thus made use of to the great- 
est advantage in the most crowded portions 
of the downtown districts of our large 
cities. 

In general, two charging stations should 
be provided, one at each end of the line. 
In some cases, however, it would be only 
necessary to equip and maintain one charg- 


of its initial temperature. Of course, these 
conditions are ideal, but they are beginning 
to be realized more and more in the best of 
our modern compound air compressors. In 
these the heating effect due to the com- 
pression of the air is counteracted by using 
a water jacket around the compression cyl- 
inder or by injecting a water spray into the 
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cylinder during compresssion. Such par- 
tially-cooled compression results in an ele- 
vation of temperature of from, say, 60degs.F. 
of the outside air to 256 degs. F. at the end 
of the compressive process, when compress- 
ing to five atmospheres. 

If the compression had been carried on 
under another ideal condition in which no 
heat is taken from the air during the com- 
pression, the temperature in the last ex- 
ample would have risen to 370 degs. F. Such 
compression would require to be effected in 
what is known as a perfectly non-conducting 
cylinder and would be termed adiabatic 
compression. 

These terms, isothermal and adiabatic, 
are of very frequent use in speaking of com- 
pressed air working and the characteristic 
features of the process are clearly indicated 
by the compression lines of the diagram ( Fig. 
2). We shall have occasion to refer tothis ata 
later time, and at the present merely wish to 
make clear the meaning of the terms isother- 
mal and adiabatic. If the air is used expan- 
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FIG. 22.—SHOWING THEORETICAL COM- 
PRESSION LINES, ADIABATIC AND 
ISOTHERMAL, AND ACTU- 

AL CARD. 


sively, as, for instance, in the cylinder of an 
. ordinary engine instead of the steam, the 
expansion curve would be neither an adia- 
batic nor an isothermal line, but would fall 
between the two. 

To expand the air along a perfect isother- 
mal would require the temperature to be 
maintained the same throughout the whole 
stroke; and this would require a hot jacket 
of some kind around the cylinder of an air 
engine. On the other hand, if the air should 
be expanded adiabatically in a perfectly 
non-conducting cylinder, the temperature 
would, of course, fall throughout the entire 
process; and if at 60 degs. F. at the be- 
' ginning of expansion, the theoretical tem- 
perature at the end of the stroke would be 
176 degs. below zero, expanding from eight 
atmospheres to one. 

Of course, such low temperatures could 
not be reached in the cast iron cylinders of 
ordinary air engines on account of the ab- 
sorption of heat through the walls of the 
cylinder and from other metallic surfaces 
with which it would come in contact. It is, 
however, sufficiently low to cause great in- 
convenience at the exhaust opening, de- 
pendent somewhat upon the amount of 
moisture in the outside atmosphere. This, 
with the moisture usually present in the 
compressed air, produces the “‘ freezing up ”’ 
of the exhaust ports and passages, and chok- 
ing the exit of the air sufficiently to even 
stop the motor. 

Weare now prepared to consider the ideal 
efficiency of a combined air compressor and 
motor. If the air is compressed isother- 
mally and used non-expansively as in rock 
drills, mining pumps, small air motors and 
other mechanical devices, the efficiency may 
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be represented by a simple formula.* In 
such cases, if we neglect all losses due to fric- 
tion, valve resistances, clearance, resistances 
in pipes and passages,and mechanical friction 
of motors and compressors, we should have 
the following values 


Pressures— 2 4 6 8 atmos. 
Efficiency—o.72 0.54 0.46 0.42 (1) 

On the other hand, if the air should be 
used expansively, as it is in the best motors 
and, let usassume, without gain or loss of 
heat (that is, by adiabatic expansion); then 
the theoretical efficiency of the combined 
air compressor and air motor under such as- 
sumed perfect conditions would be given 
by a somewhat more complex formula.t 
Under such conditions the air would, of 
course, be greatly reduced in temperature 
towards the end of expansion and thus sub- 
ject the motor exhaust ports and passages 
to the freezing-up process. These difficul- 
ties will be treated of presently. Adiabatic 
expansion is nearly realizable in practice. 
If now we neglect as before al) subsidiary 
losses due to clearance, air resistances and 
mechanical friction of moving parts, we 
should have the following values from the 
formula (2) referred to: 


Pressures- 2 4 6 8 atmos. 
Efficiency-0.906 0.824 0.780 0.752 (2) 

To obviate the ‘‘freezing up” of the air 
exhaust, all we shall have to do is to slightly 
heat the air before it is used in the motor. 
But this will be accompanied with a most 
marked improvement of the efficiency, not 
only from a thermodynamic standpoint, but 
from a thoroughly practical one as well. 
The air may be heated by coal or gas at no 
great expense on the one hand, and with 
very little additional trouble on the other. 
In point of fact, there is scarcely any other 
field of engineering in which the application 
of a given amount of heat from the combus- 
tion of fuel or gas will be accompanied by so 
radical and so attainable an increase in effi- 
ciency of the heat engine or other mechan- 
ism. : 

For street car work, probably the most 
efficient means of heating the air will be by 
means of a small gas furnace, which in winter 
would supply the necessary heat for the com- 
fort of passengers as well. Heat energy has 
been satisfactorily stored in the so-called hot 
water systems of thermal storage, and this 
would prove equally beneficial for either of 
the above purposes. In stationary air motor 
plants, steam has been injected into the air 
motor cylinder to reheat the air, and with 
very satisfactory results. 

The increase of efficiency of the combined 
air compressor and motor, due to reheating 
the air before its expansive use in the motor, 
will be represented by the ratio of the re- 
spective initial temperatures on the absolute 


*Efficiency = 
1 
log. P, 


wherePa and P, represent respectively the pressure 
of the atmosphere and the final pressure of com- 
pression for the air compressor; and for the air 
motor these same values would also represent the 
initial pressure of expansion which is of course as- 
sumed to be carried down to that of the atmosphere 


a 
9s.6oo| — ( = )° | 
27,710 log, Pi 


tEfficiency = 
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scale; thus, if the air is heated to 360 degs. 
F., from a temperature of 60 degs. F., the 
following will be the ratio of increase of effi- 
ciency : 


T 4614+360 821 _ 
52 11.575. 


t 461+ 60 (3) 

If we apply this ratio to the values of the 
several efficiencies given for the combined 
air compressor and motor, in the case of 
adiabatic expansion, we shall have the fol- 
lowing very satisfactory showing for the 
performance of the compressed air system : 
Pressures— 2 4 6 8 atmos. 
Efficiency—1.42 1.29 1.23 1.18 (3) 

The range of efficiencies in the above in- 
stances running beyond that of 100 per cent. 
need cause us no concern when it is remem- 
bered that this increased efficiency is ob- 
tained by the expenditure of a definite 
amount of heat. This heat has been used 
to raise the temperature of the air from 
60 degs. F. to 360 degs. F., our example 
chosen. The air, of course, is maintained at 
constant pressure during the heating, or 
nearly so. Therefore, the amount of heat 
required to raise one pound of air through 
this range can be easily calculated from the 
specific heat of air at constant pressure. 
While it is true that all of this heat is not 
later on returned in the form of mechanical 
energy, owing to radiation losses, ineff- 
ciency of the transmission of heat through 
the pipes or metallic surfaces of the reheater, 
etc.; yet it has been established by theory 
and experiment that a much larger return of 
energy is made in this case than in any 
other form in which heat energy is converted 
into work. 

If we take the working pressure of six 
atmospheres of the street railway motor, we 
note the combined efficiency of compressor 
and motor to be 1.23; that is to say, neg- 
lecting all of the losses, due to air resistance 
and mechanical friction, etc., as we have 
indicated, and adding heat energy to the 
air in raising its temperature of 60 degs. F. 
to 360 degs. F., we are able to obtain, theo- 
retically, 126.HP from the car motor for 
100 HP expended in compressing the air at 
the central station. 

Nothing has been said about the variation 
of the efficiency of the compression and ex- 
pansion process with load. Experiments 
are yet wanting which will fully establish 
the character of such variations. But, the 
mechanical efficiency of the air compressor 
and air motor can be readily determined for 
any machine at the various loads and the 
curve of variation plotted. The losses in 
this case are entirely due to the friction of 
the mechanism and moving parts. 

The following may be taken as an exam- 
ple of the actual realizable efficiencies, aż 
Jull load: 


Mechanical efficiency of two-stage air com- 
pressor, driven by steam engine...............ce00 0.87 
Efficiency of thetwo-stage air compression— 
partially-cooled compression with intercooler 
between air cylinders............esesssers cee eeseeesceens 0.90 
Efficiency of the partially-heated expansion 
process, in air motor cylinder... n.se esssesse. 0.85 
Mechanical efficiency of air motor, as a con- 
verted steam-engine mechanism.................0 0.90 
Final efficiency of the compressor-motor com- 
bination, without reheating air before use in 
motor cylindeT.......s.sse.seseseseroessssrososesssssseosssse 0.60 
With reheater, heating air from 60 degs. F. to 
360 degs. F., before use in motor cylinder, 
thereby increasing output in ratio of 1.575...... 0.945 


268 


The relative increase of output, due to re- 
heating, is shown in the curves of the three 
groups of efficiencies, as plotted in Fig. 3. 

No other system of power transmission, 
and particularly for street railway work, is 
so admirably adapted to fulfill all the ex- 
acting requirements of such a field. Nor is 
it possible by any other system to so re- 
habilitate or restore energy to the working 
fluid after it leaves the generator and at 
such slight additional expense. In the 
cable system there are persistent and con- 
tinuous losses from mechanical friction all 


Seale of Piiciencles 


FIG. 3.—SHOWING VARIATION OF COMBINED 
EFFICIENCY OF AIR COMPRESSOR AND 
MOTOR, UNDER THREE SETS OF 
CONDITIONS OF USE. 


(a) Isothermal compression and non-expansive 
working of air in motor. : , 

(4) Isothermal compression and expansive working 
of air in motor. ; 

(c) Isothermal compression and expansive working 
of airin motor, after it ig reheated, from 60° 
to 360° F. 


the way from the engine to the cable car, 
In the electric system these losses are 
equally cumulative in amount and character. 

Within the short space of this article, it 
will not be possible to consider all the char- 
acteristics of compressed air working for 
this particular field. It is not to be pre- 
sumed that the low pressure of six atmos- 
pheres would be used throughout such a 
commercial system. For, in transmitting 
compressed air to the several points of 
supply along the pipe lines laid down in 
the several streets, the efficiency of such 
pipe line transmission would be an impor- 
tant item and dependent upon the velocity of 
flow in particular. The case is somewhat 
different from that of asimple yet continu- 
ous transmission of power by compressed 
air; for the variation in the rate of flow 
would certainly be of an intermittent char- 
acter—at times no air being drawn from the 
supply line. When charging the air reser- 
voirs of the motor cars, the losses would be 
largely due to air friction, such in fact as 
are found in transferring air from one reser- 
voir to another. In other words, the sys- 
tem of piping throughout the district of 
such a supply would be designed on quite 
different lines from that of the usual case of 
the transmission of power by compressed 
air. Such street railway supply piping 
would be unusually large and serve in fact 
as a reservoir for the storage of air. Even if 
otherwise designed, as for a simple case of 
transmission of power, the actual loss in 
pipe line transmission would be found to be 
exceedingly small. 

The air at high pressure would be taken 
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from street mains and stored in the reser- 
voirs of the motor cars. It would then be 
drawn upon as required for the service of 
the road through the reducing valves and 
mechanism for regulating supply to the air 
motor under constant pressure. The prob- 
lems involved in such regulating and reduc- 
ing valves have been fully worked out in 
other lines of compressed air work and pre- 
sent no serious difficulty. 

A combined system of street railway work 
seems more probable than entire depend- 
ence upon any one method of propulsion. 
The trolley system for suburban and out- 
lying districts, transferring to a compressed 
air system for the crowded portions of the 
city, would appear to be more nearly ideal 
than combined trolley and cable systems. 
The pressure and capacity of the storage 
reservoirs of the motor cars can be so de- 
signed that no supply of air need be re- 
quired at any point along the line. The 
cars would be supplied with compressed air 
at the generating station similar to the pres- 


ent method of the storage battery system. 


In the same central power plant would be 
gathered all the motive power machinery 
for the electric as well as the compressed air 
systems. 

Compressed air may come to be the strong- 
est ally of electric distribution rather than 
its avowed rival. 


MEASURING THE INSULATION RESISTANCE 
OF HOUSE WIRING. 


The following method of measuring the 
insulation resistance of house wiring is given 
by Dr. Oscar May in a German contempor- 
ary, one of the advantages claimed being 


that a battery is not required. The instru- 


ment used is a high resistance voltmeter or 
a milliamperemeter with a resistance in 
series with it, and in the method here de- 
scribed the latter instrument is used. 

With a milliamperemeter having a resist- 
ance of one ohm, by means of shunts of 4, 
os) ots Or ygs Ohm resistance, currents of 
I.5, 15, 150 or 600 amperes can be measured; 
and by using resistances of 9, 99, 999 and 
3999 Ohms in series with the instrument, 
potential differences of 1.5, 15, 150 or 600 


DIAGRAM OF CONNECTIONS. 


volts can be measured. The resistance of 
the instrument can, of course, be other than 
1 ohm, and shunts and series resistances of 
any desired value may be used. 

To measure the insulation resistance of an 
installation, 4 B C D, the main fuses, 4 J 
and A D, are removed and the connections 
made as indicated. 7 is a resistance of about 
1ooo ohms, and X, is a milliamperemeter 
connected in series in place of the fuse, JA. 


bd 
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The other main is connected at K to earth 
through a lamp, W. A few lamps are 
switched on the house circuit, 4 B C D, and 
the reading of the milliamperemeter noted, 
which we will call 4. Then if V is the 


voltage between the mains, 7° V_R is 


the insulation resistance of the installation. 


THE NIAGARA-BUFFALO ELECTRICAL 
TRANSMISSION. 


The Niagara-Buffalo transmission was in- 
augurated on Nov. 16, one minute after mid- 
night with unqualified success, and electrical 
power from Niagara is now used to propel 
the electric cars of a namber of important 
lines in Buffalo, the amount used being 
1000 HP. 

The transmission line is 26 miles long and 
passes over a private way. It is carried on 
shaved cedar poles painted white, ranging in 


‘height from 35 to 60 ft., according to the lo- 


cality, and from 60 to 75 ft. apart. The 
poles are set 6 to 8 ft. deep, some simply 
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FIG. I.—SECTION OF PORCELAIN INSULATOR. 


placed in the clayey ground and tamped, 
while others, in moist and soft earth, are 
set in concrete. The pole line was erected 
by the White-Crosby Company. 

Each single pole carries three cross arns, 
the upper two for the transmission wires, 
and the lowest for a telephone circuit. The 
transmission cross arms are of yellow pine, 
12 ft. long X 434 ins. X 53¢ ins. Each arm 
will carry six insulators, three on each side 
of the pole, but three only are now in place 
screwed to wooden pins. On the outer end 
of each upper arm are two 18-in. iron pinson 
which is strung a galvanized barbed iron 
wire, which, grounded every fifth pole, 
serves as a lightning arrester. 

The line consists of three conductors of 
bare copper, of 350,000 cml. cross-section, 
each conductor being a nineteen-strard 
cable. Complete transposition of the wires 
is effected every five miles. These conduc- 
tors are strung on porcelain insulators of 
heavy pattern, made by the Imperial Porce- 
lain Works, Trenton, N. J. These insula- 
tors, one of which is illustrated in Fig. 1, 
have the appearance of large inverted soup 
bowls, with a cap having a longitudinal 
groove and two wings and a special drip- 
way on the upper surface. Beneath they 
have two deep annular grooves, to prevent 
any moisture connecting the outside of the 
insulator and the supporting pin and thus 
cause a ground. Each jnsulator weighs about 
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12 lbs., and before acceptance was subjected 
to a test of 40,000 voltsalternating. Failure 
in the smallest degree insured rejection. 
The conductors lie in the longitudinal 
grooves and are tied to the wings. 

The total length of the line is 26 miles, 
and as the three-phased system demands the 
use of three circuits, the total length of con- 
ductor is 78 miles, the cable for each mile 
weighing about 5200 lbs. With a trans- 
mission of 1000 HP at 10,000 volts, the total 
drop is less than 3 per cent., the line being 
designed for 5000 HP. 

The last 4200 ft. of the line is under- 
ground through a subway consisting of 
twelve ducts of vitrified tile laid in four lay- 
ers of three each, each duct having a diam- 
eter of 3 ins. in the clear. The twelve ducts 
are surrounded on all sides with 4 ins. of 
concrete as a protection, and the top of the 
concrete is 18 ins. below the surface. This 
conduit is laid along the canal bank, and 
has sixteen manholes. 

The overhead line from Niagara dips to a 
terminal house and is connected through 
lightning arresters to the underground cable, 
which runs along a short tunnel connecting 
the terminal house with the first manhole of 
the conduit. 

The underground cable was supplied by 
the Safety Insulated Wire Company, and 
is insulated with in. thickness of rub- 
ber, then braided and sheathed with a heavy 
lead armor. This cable was tested to 40,000 


volts for acceptance, and to 30,000 volts for 


experiment. It is said to. have withstood 
the latter test without revealing weakness in 
the insulation. The conduit continues as 
far as the transformer house—a small one- 
roomed brick structure, built in the rear of 
the Niagara Street power house of the Buffalo 
City Railway Company. 

The two-phased currents from the great 
5000-HP generators revolving in the power 
house at Niagara, passes at a voltage of 2200 
to the main switchboard. That portion in- 
tended for Buffalo is led in lead-covered 
cables over the bridge across the canal, 
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In this room, large enough for a man to 
move about in comfortably, all connections 
between the low-tension two-phased lines and 
the step-up transformer wires are made, the 
cables being supported by large porcelain in- 
sulators on iron brackets. 

The ‘‘ step-up ” transformers now in posi- 
tion (Fig. 3) number two, and are rated at 
936 Kw each. They represent the latest 
practice in transformer design, are the larg. 
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The step-up transformers are 94 ins. high, 
and eac.: weighs 25,000 lbs. They raise the 
voltage from 2200 volts to 11,000 at present, 
but are designed to allow of a voltage of 22,000 
by a change in the connections. They stand 
on frustrums of rectangular pyramids 
mounted on an iron framework and are en- 
cased in suitable iron frames, the frame being 
provided on the top with cast lugs by which 
they may be readily handled with the travel- 


FIG. 2,.—STEP-DOWN TRANSFORMER STATION— BUFFALO. 


est yet constructed, and of the air blast 
type. Into the air-tight chamber beneath 
the transformers air is forced by a 6o-in. 
blower, driven by a 5-HP multipolar di- 
rect-current motor. The coils of the 
transformers are arranged with the major 
axes in a vertical plane, and two main pass- 
ages are provided—one through the iron of 
the core, and the other through the spaces 
between the coils. Through the open cast 
iron pedestals on which the transformers 
stand a blast of cool air passes directly into 
the main air passages and thence into a 
number of minor air ducts in the trans- 


ing crane which runs along the roof of the 
transformer house. 

Itis in these transformers that the two- 
phased system is abandoned. From them 
three currents issue differing in phase by 
120 degs. The connections are brought out 
at the bottom, and continue to the high ten- 
sion marble switchboard for connection to 
the transmission lines. The equipment of 
this board is of special design to permit of 
the handling of the high voltage current 
without danger. Each conductor from the 
transformer is connected to a single-pole 
switch of quick-break type, mounted on 


FIG. 3.—STEP-UP TRANSFORMER STATION—NIAGARA. 


where the cables are connected to the two- 
phased low-potential switchboard, From this 
they descend into an air-tight chamber in 
which are built the transformer supports. 


former. The admission of the air is regu- 
lated by dampers, which may be adjusted 
independently either for the coils or the 
core. 


heavy insulating pedestals, and separated 
from its neighbor by a barrier of marble 
much higher than the closed switch and 
about one inch thick. These three switches 
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control the output of any two of the 935-KW 
step-up transformers which may be con- 
nected for either 11,000 or 22,000 volts. 
Each conductor has its fuse carrier of special 
type designed for this transmission. Each 
carrier is twenty-four inches long and is 
forced into contacts mounted, like the 
switches, on large irsulating pedestals. Each 
has two handles, and the construction is 
such that they can be removed from the 
board for the insertion of new fuses without 
danger. The high tension switchboard also 
carries current indicators and voltmeters. 
From this switchboard the conductors pass 
toa small extension building where they are 
connected through lightning arresters to the 
overhead wires leading to Buffalo. 

The transformation of the current at the 
Buffalo end of the line is effected in three 
“ step-down ” transformers (Fig. 2), con- 
structed similarly to those used to step-up 
the pressure, and cooled by the same pro- 
cess, the centrifugal blower being driven by 
a 2-HP motor. The line enters the small 
building outside the railway company’s 
power house, from the underground conduit, 
through lightning arresters and is connected 
to the high tension switchboard, which is a 
duplicate of that in the transformer house 
at Niagara. From the switchboard the 
conductors are brought into the transform- 
ers from the top,and the three currents issue 
at about 370 volts pressure. 

Three of the four step-down transformers 
are set up. Each is 32 ins. high and weighs 
7000 lbs. The currents are turned into them 
at 10,700 volts or 21,400 volts pressure, and 
issue at the pressure just mentioned. 


Se 
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alternating currents are changed into a direct 
or continuous current at a voltage of 500 for 
connection to the feeder lines of the railway 
company. The armature of the converter is 
fitted with three alternator collector rings 
on the side nearest the switchboard, while 
the other carries a commutator similar to 
that of the ordinary direct-current dynamo. 
The three-phased currents are brought to the 
brushes and enter the armature. As soon as 
the necessary speed is reached, as indicated 
by the voltmeter, the main switch on the 
board is closed and the direct current passes 
from the commutator brushes tothe main 
buses of the railway switchboard. The con- 
verters may also be started by direct current 
taken from the lines, and the direct current 
from them can be thrown either to the board 
for operation in parallel with the generators 
now in operation in the power house, or di- 
rectly to the feeders. 

The lightning arresters of the Wurts type 
have been especially designed for heavy volt- 
age transmission work and are single-pole. 
They consist of a strip of marble upon which 
are mounted eleven cylinders, giving one 
air gap space yj, in. for each 1000 volts, with 
an allowance of 25 per cent. rise in the poten- 
tial. In the action of the arrester the large 
metal cylinders serve to chill the arc, so that 
on reversal of the current the arc is extin- 
guished, no dependence being placed upon 
any non-arcing property of the metal to put 
out the arc. In order to limit the current on 
short circuit, and thus the heating effect, a 
special solid graphite rod of low non-induct- 
ive resistance is used. The arresters are 
similar to those used on the Big Cottonwood 


FIG. 4.—DIRECT-CURRENT TRANSFORMERS AT BUFFALO STATION. 


From the transformers six cables—that is, 
three for each three-phased circuit—are car- 
ried through the wall of the step-down trans- 
former house up to the main floor of the 
railway power station above. Here they are 
connected to the switchboard equipped with 
six knife-blade switches, one for each cable, 
ammeters,etc.,a field switch and two switches 
connecting to the main bus bars of the rail- 
way switchboard. From the board the two 
three-phased circuits run to two rotary con- 
verters (Fig. 4), each of 500 HP capacity. 
These converters are six-pole machines and 
by their operation the three-phased, 370-volt, 


transmission at Salt Lake City, which have. 


effectually protected the machinery in many 
severe storms, and are now being used ex- 
tensively in transmissions where high volt- 
ages are employed. | 

The carrying capacity of the present three- 
phased circuits at 11,000 volts, is 5000 HP; at 
22,000 volts, with a smaller drop, 10,000 HP. 
The capacity of the pole line, therefore, is 
40,000 HP at the higher voltage. 

At Niagara Falls an extension of the power 
house equipment is already under way. 
The output of the present 5000 HP genera- 
tors, three of which are in constant opera- 
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tion, is already taken and distributed to the 
factories of the Carborundum Company, the 
Calcium Carbide Company, the Niagara 
Falls Paper Company, the Pittsburgh Re- 
duction Company, the Niagara Falls Chemi- 
cal Company, to the Niagara Falls & Buffalo 
Railway, a line of electric cars running be- 
tween the two cities, and other lines in 
Niagara. Another wheel pit, of similar 
depth to that already in use, is being exca- 
vated as a continuation. It will be three 
times as long, or 430 ft. X 20 ft. and will con- 
tain, when equipped, seven additional tur- 
bines with penstocks and turbine shafts. 
Seven additional 5000-HP generators will be 
operated by these turbines, and the complete 
plant will have a total output at full load of 
50,000 HP. 


oe 
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FRICTION AND LUBRICATING OILS. 


BY C. A. COLLETT, V. P., N. A. S. E. 


Friction as been defined as: ‘‘ The resist- 
ance occasioned to the motion of a body, when 
pressed upon the surface of another body 
which does not partake of its motion.’’ This 
is called sliding friction, in contradistinction 
to rolling friction, as when a body revolves 
upon rollers which themselves revolve upon 
their own bearings, or when a body rolls 
upon a smooth plane. General Morin, who 
spent considerable time, money and research 
in his experiments on friction, and who was, 
no doubt, fully competent to make them, is 
generally credited with the original dis- 
covery of the following laws of friction : 

1st. The friction bears to the pressure on 
the surfaces in contact a ratio which is con- 

stant for the same 

™ materials, and with 

the same condition of 
surfaces. 

2d. The measure of 
the friction is inde- 
pendent of the ex- 
tent of the surfaces 
in contact, the press- 
ure and the condition 
and character of the 
surfaces remaining the 
same. 

3d. The friction is 
entirely independent 
of the velocity of con- 
tinuous motion. 

There are many 
persons who believe 
in the truth of the 
first and second laws 
above given, yet who 
do not believe that an 
engine would turn as 
. easily if the face of its 
twenty-foot flywheel were made use of as a 
journal for the crankshaft, as it would if that 
journal were on the shaft itself, and only 
twenty inches in diameter. And this is en- 
tirely consistent, because, although the resist- 
ance to motion would be exactly the same in 
each case, provided the character and con- 
dition of the surfaces were the same, yet in 
one case that resistance would be applied at 
the end of a lever ten feet long, and in the 
other case it would be applied at the end of 
a lever only ten inches long, which would 
make the engine work just twelve times as 
hard to overcome it. We may increase the 
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surface of a journal by adding to its length 
as much as we please, without increasing 
the friction or the power necessary to over- 
come it. Neither will we increase the /ric- 
tion by adding to the diameter of the jour- 
nal, but we must certainly increase the 
power to overcome it. 

The first and second laws have been re- 
peatedly proven to be true by actual experi- 
ence; and they are dependent upon one 
another. If one is disproved it is evident 
that the other is disproved also. Anyone, 
by taking a block of cast-iron or any con- 
venient material, having any number of 
faces of different areas, and by means of 
weights dragging it along overa surface, first 
sliding it on one face and then on another 
of different size, can satisfy himself that 
friction is really independent of the extent 
of surfaces in contact. And by piling other 
weights on top of the first one he can dem- 
onstrate the truth of the first law also. But 
he must in all cases have the weights move 
at the same speeds as the blocks, or, in other 
words, have no leverage. 

Now in regard to the third law, it is held 
by some persons that it is not true, because 
journals that heat at high speeds, run per- 
fectly cool at less velocities. But, upon re- 
flection and investigation this is not incon- 
sistent with the third law at all. It is held, 
that if two surfaces could be produced which 
were perfectly smooth, and so hard as to be 
entirely unyielding, there would be abso- 
lutely no friction between them when placed 
together. M. Poirée says: ‘‘Though con- 
stancy of friction holds good for velocities 
not exceeding 15 or 16 ft. per second, yet, 
for greater velocities, resistance of friction 
appears to be diminished in the same pro- 
portion as velocity is increased.” 

We gather from this, that, under cer- 
tain conditions and with favorable environ- 
ments, the velocity might be increased to 
such an extent as to completely annihilate 
friction. Friction is believed to be caused 
by the more or less minute projections and 
cavities on the surfaces of metals in contact, 
and that these projections interlock, and re- 
quire force to separate them. This force, in 
accordance with a universal law, manifests 
itself in the form of heat. If the motion 
was slow, say, one revolution per minute, 
there would be a certain amount of heat de- 
veloped, but it might be so small as to be 
absorbed by the parts of the machine itself 
and the atmosphere. But now suppose the 
speed to be increased to five thousand revo- 
lutions per minute, it would require the same 
force per revolution, and there would conse- 
quently be the same amount of heat devel- 
oped per revolution; but there would 
evidently be five thousand times as much 
heat developed per minute as before, and 
this might be developing heat faster than it 
could be absorbed, in which case it would 
remain in the journal and cause trouble. So 
that, it is not a question of limitation of 
speed, so much as getting rid of the heat de- 
veloped. 

Morin’s third law, however, is not believed 
to hold true under all conditions, as it is 
pretty well established that in extreme cases, 
such as very high or very low speeds, or 
very heavy or very light pressures, the co- 
efficient of friction does not remain pre- 
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cisely the same. We have seen that two 
surfaces sliding one upon the other, being 
perfectly smooth and so hard as to be en- 
tirely unyielding, would produce no friction, 
and consequently would require nio lubricant. 
But, since such conditions, while possible, 
are never met with in practice, lubrication 
of some sort must be resorted toin order to 
prevent the surfaces from heating. 

The lubricants for machinery in most 
common use are animal and mineral oils, 
and these are graded to meet all manner of 
requirements. It is a pretty generally ac- 
cepted proposition that the quality of an oil 
usually improves as the price increases, but 
it would be a positive error to use an oil 
whose increased useful effect would be in- 
sufficient to justify the greater cost. On the 
other hand, it would be just as false economy 
to use an oil of half the cost, if it required 
more than twice the quantity to produce the 
same effect. But, the price of an oil is not 
always a measure of its quality; because, 
while one dealer may succeed in selling a 
prime grade of, say, cylinder oil, at one dol- 
lar per gallon, another dealer, satisfied with 
a closer margin of profit, may offer an oil 
equally as good, at seventy-five cents per 
gallon. It is safe to assert that not one con- 
sumer in fifty is a competent judge of the 
quality of the oil he buys; much less does he 
know anything about its component parts, 
for with the exception of sperm and lard 
oils, all other lubricating oils are com- 
pounded. 

For example, mineral cylinder oil is usu- 
ally composed of cylinder stock and paraffine 
oil, while a cheaper grade includes also neu- 
tral oil and mineral gelatine. A ‘‘ heavy 
body’’—so called—is not always indicative 
of the best lubricant, because a body may 
be given to neutral oil, for example, by 
simply mixing it with mineral, or with ani- 
mal gelatine. Now, the galatine in this 
compound has very little of true lubricating 
qualities in itself, while the neutral oil has 
none whatever, but mixed together, they 
produce an oil with a heavy body, so tempt- 
ing and alluring to the average buyer of 
lubricating oils. 

It is a fact also, and it is well to bear it in 
mind, that an oil possessing all the essentials 
and characteristics of a good lubricant may 
have too much body for the bearing to 
which it isto be applied, so much so, in- 
deed, as to cause a resistance to the power 
driving the shaft. If we examine, under a 
microscope, a shaft journal which is perfectly 
cylindrical and smooth, we will find the 
surface apparently quite rough, and cov- 
ered with indentations, grooves and ruts. 
These afford lodging places for the oil, for 
otherwise the bearing could not be kept cool 
through the agency of the oil, since a film 
of oil must always be present and intervene 
between the journal and its bearing. Thus 
we see that only sufficient body in an oil is 
required to keep it from running off the 
journal, as pure water would whether the 
journal was revolving or at rest. Any more 
body than this would be a positive detri- 
ment in so far as causing a resistance to the 
power driving the shaft. 

In a succeeding article the various kinds 
of lubricating oils will be taken up and dis-° 
cussed in detail. 
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MAGNETIC HYSTERESIS. 


BY ERNEST J. BERG. 


A current passing through a conductor 
represents a magnetomotive force (M. M. F.) 
which, acting on any medium, produces a 
flux of lines of force. This flux in non-mag- 
netic materials such as air, varies directly 
with and is proportional tothe M. M. F., but 
in any magnetic material, such as iron, nick- 
el, etc., it is larger than the flux produced by 
the same M. M. F. in non-magnetic material. 

In magnetic material the flux at first in- 
creases very rapidly with smaller M. M. Fs.; 
then at a rate proportional to the M. M.F., 
as in air; and finally, when the iron ap- 
proaches saturation, the rate of increase be- 
comes smaller than the rate of increase of 
the M. M. F. 

Reducing the M. M. F., causes a reduction 
in the magnetism, but this reduction is not 
proportional to the values obtained when the 
M. M. F. is increasing in strength, but to 
values which are higher. Consequently, 
when reducing the M. M. Fs., the corre- 
sponding values of the magnetism are always 
higher than those obtained when raising the 
M. M. F., so that when the M.M. F. has 
been reduced to zero, there still remains a 
certain magnetism called the remanent mag- 
netism. 

This lagging behind of the magnetism rela- 
tive to the M. M. F.is denoted hysteresis. 
The amount of this lag depends upon the 
metal and upon its physical condition; for 
instance, with soft iron it is less than when 
the iron is hardened. 

The loss in power due to hysteresis is 
caused by the friction between the mole- 
cules in being magnetized; or we may say 
that when the iron molecules are being mag- 
netized, they have to be arranged in a cer- 
tain way different from that in which they 
were before the magnetization. In magnet- 
izing iron, the work of changing the position 
of the molecules is represented by molecular 
friction, which is the same as hysteresis if 
no outside power is supplied to the magnetic 
material; if, however, outside power, such 
as heat or mechanical vibrations, is acting 
upon the iron, it is greater than the hystere- 
sis. It is thus evident that the hysteresis 
loss will be less in a dynamo which has a re- 
volving magnetic circuit than in stationary 
electrical apparatus, such as transformers, 
for the same frequency and the same mag- 
netization. 


This loss due to molecular friction, which 
in most cases is represented solely in the 
hysteresis loss, is proportional to the 1.6 
power of the magnetization, and directly 
proportional to the number of reversals of 
magnetism per unit time—that is, to the fre- 
quency. 

It is of practical interest to see how this 
loss depends upon the voltage, frequency, 
etc., of any type of alternating current ma- 
chinery. We will, therefore, discuss the 
following practical cases, assuming the case 
of a stationary transformer : 

First, the effect of changing the impressed 
E. M. F. at constant frequency. 

Since the magnetism is proportional to the 
E. M. F. we have, if 
W =watts loss at frequency ” and voltage Æ 
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W ,=watts loss at frequency #, and voltage 
E, 


@ =magnetic density at frequency # and 
voltage Æ 

@, =magnetic density at frequency and 
voltage £, 
WV BQ 1°6 


E 
WB? but @, EY therefore 
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In Fig. 2 is given a curve giving the ratio 


of (E) for any ratio of ”ı If, for in- 
n 


stance, the loss at 100 cycles is W, what is 
the lossat 50cycles? We have then #, = I00, 


n, _ 100 


n 50 
From Fig. 2 we find that for the value of 


n” = 50, =2 


- 


Am, Flee. : 


FIG. I.—-CURVE OF I.6 POWER. 


W Ens ae, E \1:6 
apie A W=WX(F ) 


or the loss is proportional to the 1.6 power 
of the impressed E. M. F. 

In Fig. 1 is given a curve of the 1.6 power 
which will enable us to get directly the loss 
at any ratio between Æ and Æ; thus, for in- 
stance, if the hysteresis loss at 1000 volts is 


W, what is the loss if the same transformer 


is used on a 2000 volt circuit? We have 
W = unknown 


Æ = 2000 
E= 1000 
and E __ 2000 4 
Æ, +1000 
1°6 
From the curve we find that (=) = 3, 
1 


that is, W = 3 W,, or the lossis three times 
as large; consequently, the heating of the 
transformer on account of the hysteresis 
loss (which is about % of the total loss) 
will be three times as large. 

Second. The effect of changing the fre- 
quency of a system on transformers operated 
at the same voltage as before. 

For a constant impressed E. M. F. the 
magnetism, @, varies inversely as the fre- 
quency. Therefore 

et , and si ; 
G A By 
The hysteresis loss is proportional to the 
frequency, and the 1.6 power of the magnet- 


1-6 
my 


“6 
og 18 


ism (Bj, or Wwe” & 
Won, BY 
Therefore we get. Far Xx m e 
1 ni ni-6 nas 


n 


or W= W, (5) 


(=) = (=) nae 1.5; thatis, W =1.5 We 
n n 


or the loss is increased by about 50 per cent. 
In these instances we have assumed the 
hysteresis loss at a certain voltage and fre- 
quency to be known. 
In most cases it is very hard to calculate 


(Vor. VIII. No. 8. 


Q = maximumfmagnetic induction in 
lines of force per cm? 
7 = coefficient of hysteresis. 


The value of this coefficient varies within 
very wide limits, being, for instance, .oo! 
for exceedingly pure soft annealed sheet 
iron, and .o80 for hardened steel. As an 
average value in transformer iron we may 
use 7 = .003. 

The most accurate means of finding the 
loss, is, however, by experiment, and since 
the only instruments necessary for this are 
an ammeter, a voltmeter, and a wattmeter, 
a test of the hysteresis loss in any alternat- 
ing current apparatus can be made in most 
any of our power stations. The connections 
for this test are given in Fig. 3. 

G is an alternating current generator, 7, 
a step-down transformer, 4 an ammeter in 
the low potential circuit, V a voltmeter at 
the terminal of a transformer 7, which is to 
be tested, and Wa wattmeter with the current 
coil in the low potential main and the poten- 
tial coil across the terminals of transformer, 
Ti 

With the high potential winding of the 
transformer, 7,, open circuited, the watt- 
meter, W, registers the ‘‘core loss’’ of the 
transformer at the voltage indicated by V. 
The ammeter, 4, gives the exciting current 
—that is, the current necessary to give the 
magnetization and the hysteresis loss. 

We said above that the ‘‘ core loss” was 
found for the transformer. This loss is, 
however, not the hysteresis loss alone, but 
includes also the loss of energy due to eddy . 
o1 Foucault currents. To separate the eddy 
current losses from the hysteresis loss, we 
will have to make an analytical investiga- 
tion. 

As above stated, the hysteresis losses are 
proportional to 1.6 power of the E. M. F.; 
those of the eddy currents, however, are 
proportional to the square of the E. M. F. 
or Wr = aE''8 and We = b E?. These two 
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FIG. 2.—CURVE OF .6 POWER. 


this loss, since, as stated above, it not only 

depends upon the magnetization of the iron, 

but also upon its physical condition. Ac- 

cording to Steinmetz’s law the hysteresis loss 

is expressed in equation W = 7 @Q!°6 

where W = loss of energy per cycle in ergs. 
per cm? 


equations give us the analytical means for 
separating the losses. Taking two values 
on different parts of the curve showing the 
total loss from eddy currents and hysteresis, 
and the corresponding voltage, and insert- 
ing two values in equations Watts=> W= 
ali¢@4 $f? and W, =a E18 H b£,?, we 
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get the means of determining the constants a 
and 4, and consequently can separate the 
hysteretic losses from the eddy losses. 

The relative proportion between the losses 
due to eddy current and hysteresis can often 
be gotten with enough accuracy directly 


FIG. 3.—CONNECTIONS FOR CORE LOSS— 
TEST OF TRANSFORMERS. 


from the curve of the total core loss as fol- 
lows: 

If aa,, (Fig. 4) represents the core loss 
at a certain voltage, and 6 b, the core loss 
at a voltage which is twice as high as that at 
a a,, then if the length of ordinate 6 ò, 
is three times that of a a,, the losses are 
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FIG. 4.—CURVK OF TOTAL CORE LOSS. 


due to hysteresis; if fourtimes, the losses are 
due to eddy currents. If between three and 
four times the losses are due partly to eddy 
currents and partly to hysteresis, being more 
largely due to eddy currents, if the ratio is 
nearer to four, or to hysteresis if the ratio is 
nearer to three. 
— eT 


ALTERNATING CURRENT TRANSFORMER 
ECONOMY. 


In an introduction to Bulletin No. 11 of 
the University of Wisconsin, Prof. Dugald 
C. Jackson dwells upon the vital importance 
of transformer economy to central stations 
using alternating currents, and points out 
that the cheapest transformer is not always 
the most economical, and that individual 
tests of each transformer purchased are es- 
sential. The following are given by Prof. 
Jackson as guarantees which should be de- 
manded by the purchaser of transformers: 

1. Iron loss of transformer when operated 
on circuit at normal pressure never to exceed 
the values givenin the table below for fre- 
quencies over 100 periods per second. (It 
niay be advisable in some cases to accept a Io 
per cent. higher loss for a frequency of 60, 
in order that the first cost of the transformer 
for this frequency need not be increased. ) 

2. Drop of secondary pressure due to load- 
ing the transformer not to exceed 3 per cent. 
between no load and full load. 
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3. Excess of temperature above that of 
surrounding air at full load after working 
ten hours not to exceed 70 degs. F. (nearly 
40 degs. C.). 

4. Disruptive strength of insulation be- 
tween coils and between primary coil and 
iron, when heated by ten hours’ run, to be at 
least ten times the primary pressure. Insu- 
lation resistance, when heated as above, to 
be not less than ten megohms and guaran- 
teed not to deteriorate with reasonable serv- 
ice. : 

5. Exciting currents for 1000-volt trans- 
formers not to exceed values given in table 
when the frequency is above 100. If the 
frequency is less, the exciting current may 
be expected to increase as the frequency de- 
creases. In transformers intended for other 
pressures than 1000 volts, the exciting current 
may be expected to vary inversely as the press- 
ure. Consequently, if the exciting current 
of a 1000-volt transformer is tested by con- 
necting its low pressure coil to the 100-volt 
lighting circuits, the amperemeter reading 
may be expected tobe ten times as great as 
the value given in the table. 


EXCITING 


CAPACITY. 
= CURRENT. 


IRON LOSS. 


1,000 watts 
1,500 wattsS........... 


30 watts........... 
40 watts 
20 watts 
60 watts 
So watts........... 
Too watts...........) .100 amperes. 
150 watts........... .200 amperes. 


.055 amperes. 


2,000 wWatts........... 
2,500 WattsS........... 
4,000 watts........... 
6,500 watts........... 
17,500 watts 


For intermediate capacities, intermediate 
values of the iron loss and exciting current 
may be expected. 

The guarantees outlined may be easily met 
by any transformer manufacturer who builds 
safe and economical transformers, and they 
are now more than met by the transformers 
of a number of makers. Transformers 
which do not meet the insulation and heat- 
ing guarantees are unsafe to use upon com- 
mercial electric lighting or motor circuits, 
while thuse which do not meet theiron loss, 
regulation, and exciting current guarantees 
waste the company’s money. ‘Transformers 
which entirely fulfill the economy require- 
ments here given, when operated on a fre- 
quency of 125 or thereabouts, usually serve 
satisfactorily at a frequency of 60, so that it 
is not of patent advantage to buy more ex- 
pensive transformers for the latter fre- 
quency. 

In this connection Prof. Jackson calls the 
special attention of the owners and super- 
intendents of central stations using alternat- 
ing currents to the supreme importance of 
testing their transformers which are now on 
the line. Many of these transformers are of 
old styles and are wasting so much power 
that a considerable balance of profit may 
be shown at the end of a year if the waste- 
ful transformers are ‘‘scrapped,’’ or are 
traded with manufacturers for modern ones. 
Others amongst the old transformers are 
positively unsafe, and for self protection 
central station men should seek out and re- 
move such transformers without an unnec- 
essary day's delay. A high-pressure test is 
the only one which will satisfactorily dem- 
onstrate the safety of a transformer. The 
several tests recommended by Prof. Jackson 
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for determining iron and copper losses, etc., " 
will be found in the August number of the 
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A METHOD FOR MEASURING RESISTANCE. 


BY H. BEINHORN. 


The methods usually employed for meas- 
uring resistance are based upon two dif- 
ferent principles: 1. The disappearance of 
the effect of a current upon a magnetic 
needle (differential galvanometer). 2. The 
disappearance of a current in a derived cir- 
cuit (Wheatstone bridge). 

The following method is based upon still 
another principle, depending upon the value 
of the current becoming amaximum or min- 
imum when the resistance is changed ac- 
cording toacertain law. The method will 
first be developed in its simplest form, its 
practical application being given afterwards. 

Referring to Fig. 1, acurrent, C, produced 
by a battery, Z,is divided into two parts, one 


FIG. I.—FIRST METHOD. 


flowing thiough the circuit containing the 
resistances, a and r, and the other through 
the circuit containing the resistances, 6, and 
s, aand d being the two parts of a rheocorde 
or resistance wire. It is evident that when 
the contact, Af, is moved along the resistance 
wire, the sum of the resistances,a, r, ò ands, 
will remain the same, but that the value of 
the current, C, will change. If, for instance, 
rand s have nearly the same value, we 
should see, by the galvanometer, G, that in 
moving the contact from A to B, the current, 
C, will decrease, then increase, and therefore 
will have a minimum value when the con- 
tact is made at a certain point which, in the 
case of Fig. 1, we will suppose to be M. It 
can very easily be deduced that for this 
point, M, the resistances of the two branches 
are equal; that is, r+ a would equal s + b, 
ors=r-+a—b6. In order to measure an 
unknown resistance, s, we can therefore em- 
ploy the following method: 

Move the contact, M, until the galvanom- 
eter shows the smallest current; then the 
resistance, $, must equal r + a — b. 

Now it is obvious, that the strongest cur- 
rent will pass when v ors is zero, and a com- 
parison of the expressions for the value of 
the maximum and minimum currents shows 
that, since the value of the resistance of the 
galvanometer circuit will naturally be great, 
the particular method just described is only 
applicable when the resistance, s, to be 
measured is large. 

A second method is shown in Fig. 2, in 
which the current, C, is divided, after lead- 
ing it through a resistance, Æ, into three 
branches, c, ¢, and ¢,,the resistances of which 
are respectively 7, G and $s. It can again 
be easily shown that C will be a maximum 
when 7 is equal to s, or when s+ 6=7-+ a. 
Thus we have another method for measur- 
ing an unknown resistance, s, as follows: 
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Move the contact, M (Fig. 2), until the 
galvanometer shows the strongest current; 
then we know that s = 7r-+a—J0. By con- 
sideration of the expression for the value of 
the resulting currents, it may be seen that 
to make the method as adaptable as possible, 
we have to choose Æ and G as small as pos- 
sible. It, therefore, depends upon the sen- 
sitiveness of the galvanometer used how 
small a resistance can be measured by this 
method. 


dm. he B 


FIG. 2.—SECOND METHOD. 


Both the methods above described have 
the disadvantage that the minimum or max- 
imum of C is difficult to exactly observe. 
From Fig. 3, in which the vertical lines of 
the symmetrical maximum and minimum 
curves there shown represent current values, 
c and ¢,, and the horrizontal lines repre- 
sent resistances, 7 + a, it will be seen that 
for each value of current there are two values 
of resistance. Therefore, we can also apply 
the method in the following manner : 

After having observed that the minimum 
or maximum of C will approximately cor- 
respond to a point, M (Fig. 4), lying nearer 
to A than to B, move the contact to a point 


Resistance Resistance Am. Liee. 


FIG. 3.—MAXIMUM AND MINIMUM CURVES. 


Al , yet nearer to 4 than to M; then move, 
observing the deflection of the needle, the 


contact in the direction, Z, to a point, B’,. 


such that we get the same deflection of the 
needle as before. Suppose the resistances 
of AA’ and BB’ to be a’ and J; then 
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a practical basis, we will introduce a rotary 
double commutator, A K (Figs. 6 and 7), in- 
stead of the single commutator, X (Fig. 5), 
so that the direction of the current is re- 
versed at the moment when the contact, 4’, 
is exchanged with the contact, B’ (Fig. 4). 


A A B 8 
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To determine the value of a’— 6’, it is 
sufficient to know the resistance of a + 6 of 
the whole rheocorde, and to observe the 
lengths, 4A A’ and B B’, the wire of the 
rheocorde being supposed to have the same 
cross-section at every point. To avoid 


A A B’ 
Aum. Flee, 


FIG. 7.—SECOND METHOD WITH ROTARY COMMUTATOR. 


Then the needle of the galvanometer will 
move in opposite directions and the commu- 
tator being turned quickly, there will be a 
tendency toward an oscillating movement, 


U 


A A M B 
t b 


the middle of which will bea point of re- 
pose. 

The application of this final method is, 
therefore, as follows: Making sure that the 
difference of the resistances, 7 and s, is small, 
so that the point, M, can be found by mov- 
ing the contact along the rheocorde, and 


r 
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FIG. 5.—FIRST AND SECOND METHOD WITH 
SINGLE COMMUTATOR. 


having selected a point, A’, for the first 
contact, move the second contact to a point, 
B’, so that the center of the oscillations of 
the needle, produced by the turning of the 
commutator, K X, will be the point of its 
repose; this will indicate that s = r + a’— 


S ; 
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FIG. 6.—FIRST METHOD WITH ROTARY COMMUTATOR. 


s=r-+a’— 6’. A commutator, as indi- 
cated in Fig. 5, will assist this operation. 

Still, however, this method has yet a great 
disadvantage; it assumes that the E. M. F. 
of the battery and its internal resistance are 
constant, which seldom will be the case. 

To make ourselves independent of the 
battery and to finally place the method on 


6’, Then check this point by turning the 
commutator slowly and observe if the needle 
will be deflected equally to both sides; the 
latter will prove whether the observation is 
exact or not. Figs. 6 and 7 show how to 
apply the commutator, K A, and give the 
connections for this final and practical 
method. 


errors when this condition is not fulfilled, it 
will be well to take several readings for dif- 
ferent positions of the contacts, 4’ and Z”. 

The advantages of the last method de- 
scribed are independence of the battery, in- 
dependence of the kind of galvanometer 
used and exactness of the observations en- 
tering into the formula. 


CALCULATION OF A THREE-PHASED 
TRANSMISSION LINE. 


In the calculation of a three-phased trans- 
mission line three factors enter—ohmic re- 
sistance, power factor and reactive drop. 
The second of these depends upon the induct- 
ance of the receiving apparatus, which causes 
the current of the line to be increased over 
that necessary if, for example, incandescent 
lamps (which are practically non-inductive ) 
were alone in circuit. This extra current 
involves only an expenditure of power to 
compensate for the C?R loss in the trans- 
mission line, and may be allowed for by add- 
ing the necessary amount to the amperes to 
be transmitted, before calculating the line. 

The resistance drop is due to the lines of 
force of the current transmitted cutting in 
and out of the loops formed by the transmis- 
sion line, thus generating a back E.M.F., 
as in a “choking” coil. Since the amount of 
this drop depends upon the size of the line 
wire used, the distance apart of the several 
wires, the manner in which they are ar- 
ranged with relation to each other, and upon 
the electrical capacity of the system, its cal- 
culation depends upon the data of each par- 
ticular case. It is quite probable, however, 
that in practice the reactance drop will be 
nullified by the use on the line of overexcited 
synchronous motors, thus enabling the cal- 
culation of a three-phased transmission line 
to be made on the basis of simple ohmic re- 
sistance. 

It can be shown that, on the basis of effect- 
ive voltage, a three-phased line only re- 
quires 75 per cent. of the copper needed 
for a simple alternating or direct current 
line to transmit the same power at the 
same loss. Suppose that the cross-sectiona) 
area of each of the wires of the latter lines 
is represented by 2; then the area of the two 
wires is 4. Since there is a saving in the 
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three-phased system of 25 per cent., the cor- 
responding cross-sectional area for that 
system would only be 3, and since there are 
three wires, the area of each would be 1. 
In other words, on the assumption above 
made, the cross-sectional area of each wire 
of a three-phased line is half that of each wire 
of a line calculated to carry a simple alter- 
nating or direct current. 

As an example, suppose 1000 HP at the 
generator terminals are to be transmitted 
30 miles at 15,000 volts and with a line loss 
of 5 per cent.—power factor and line react- 
ance being neglected. 

1000 HP = 746,000 watts (C E). Dividing 
the watts by the voltage (E) we have the 
amperes, or 67.8. The drop in volts is .05 X 
11,000 = 550. The resistance of the line is 
the drop divided by the current, 


(R = =) or 8.11 ohms. 


There being 60 miles in the circuit, the re- 
sistance per mile of the wire is .135 ohm. 
By reference to a wire table, or from the 
formula, 


10.5 X feet 
R » 


we find that this corresponds to 410,000 cm, 
about. For the two wires this will be 820,- 
ooo cm. Three-fourths of this is 615,000 
cm, and one-third of this is 205,000 cm, 
which is the size of each of the three- 
phased wires, or somewhat less than No. 
oooo, B. & S. 

Practically, the size of wire would not be 
so simply determined. A definite loss would 
not be assumed, but a loss calculated such 
that the annual in- 
terest on the cost of 
the line would equal 
the annual cost of 
the electrical energy 
dissipated by the re- 
sistance of the line, 
this statement being 
known as Kelvin’s 
law. 

As an illustration 
of the converse of the above method, let us 
determine the drop over a three-phased line, 
transmitting 5000 HP from the generator 
terminal at 11,000 volts over twenty-six 
miles, each conductor having an area of 
350,000 cm. This approximates to the case 
of the Niagara-Buffalo transmission. 

The combined cross-sectional area of the 
conductors is 1,050,000 cm; this being 75 
per cent. of the area of a direct current two- 
conductor line for the same loss, the com- 
bined cross section of the conductors of the 
latter will be 1,400,000 cm, or 700,000 cm 
for a single conductor. Asthe length of the 
line is 26 miles, there will be 52 miles of 
conductor, and by reference to a wiring 
table or by calculation from the formula, 
p= OS x ft. we find the resistance to be 

circ. mils 
4.12 ohms. ` 

Finally, 5000 HP are equivalent to 5000 X 
746 = 3,730,000 watts (C E); the current, 
therefore, is that quantity divided by the 
voltage, (11,000), or 339 amperes. Therefore, 
the drop, being the product of the resistance 
by the current, is 412 X 339 = 1396 volts, 
or 12.7 per cent. 


circular mils = 


4 


Potentiometer 
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PRACTICAL METHODS OF DETECTING 
FAULTS IN ARMATURES. 


A method for detecting faults in armature 
coils is given by Mr. Henry Tinsley in the 
London Electrician, tbe details of which are 
made clear by reference to the diagram in 
Fig. 1. The method requires the use of a 
sensitive potentiometer (including a galva- 
nometer), a storage cell and an ammeter. 
The two wires, a and 4, connecting to the 
potentiometer may be conveniently joined 
to two awls or to spikes with insulating 
handles, these making contact with the seg- 
ments of the commutator corresponding to 
the coils to be measured. 

In the accompanying figure the armature 
is shown joined up ready for testing. A 
storage battery is joined in series with the 
brushes, with an ammeter, 4, and with a 
resistance, Æ. A current is thus allowed to 
flow through the windings of the armature, 
which current should be of such a strength 
that half of its product with the resistance 
of any one section—that is, the voltage drop 
of that section—will be sufficiently high to 
give a suitable reading on the potentiometer. 

A few amperes will suffice for this. The 
ammeter should be kept in circuit in order 
to detect any variation in the current 
strength, which should be kept constant. 

Supposing the armature to be joined up as 
shown in the figure, then each section of 
the armature may be tested in turn by plac- 
ing the points of the two awls leading from 
the slides, on two adjacent segments of the 
commutator. 

Where the rather elaborate apparatus re- 
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brush segment; the other telephone wire is 
then touched along the looped wire until a 
point, 4, is found at which the telephone 
gives no click. (As shown in Fig. 2, the 
point, 4, would correspond to about a 72- 
part commutator instead of the 8-part one 
illustrated.) Then the first wire is moved 
to the next segment, the other remaining 
where it was, and another point, B, found 
at which again there is no click, and so 
on. The resistance of the length 4 N of 
wire, is then equal to the resistance of the 
first coil, that of A B to the second coil, 
etc. When the points 4, B, C, etc., are 
found, they may be marked by a loop of 
thread dropped over the wire. Owing to 
the brush resistance, the first length, 4 N, 
and the last one, at M, may be incorrect, but . 
by turning the armature a few segments, they 
may then be correctly measured separately. 

The points 4, B, C, etc., may be most ex- 
actly located by touching the looped wire 
first in one direction and then in another; 
as the sound of the click will decrease both 
ways, this will indicate the probable point 
of no click, which can then be more readily 
located. 

If each of the lengths, 4 B, B C, etc., are 
the same, then the different armature coils 
are of the same length and insulated from 
each other. If one or more turns are 
grounded in a coil, the distance apart of the 
two marks corresponding to that coil will 
be shorter; by measuring this length and 
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FIGS. I AND 2.—METHODS OF DETECTING FAULTS IN ARMATURES. 


quired by Mr. Tinsley’s method is not avail- 
able, the following method may be enbsti- 
tuted with results but little, if any, inferior. 
The only instrument necessary is a tele- 
phone, and the source of current is a continu- 
ous current incandescent lighting circuit. 

Referring to Fig. 2, Z are incandescent 
lamps in circuit with the armature brushes; 
5 or 6 of these will be sufficient. NA BCS 
M is a length of bare wire looped back and 
forth as shown, with the two extremities 
connected to the brushes. The gauge and 
length of this wire should be such that the 
flow of current through it will be about 4a// 
the amount of current flowing through the 
armature. In other words, its resistance 
should be about twice the resistance of the 
armature, if the field of the machine is bi- 
polar. For an ordinary too-light, 11o-volt 
dynamo, this would be about equivalent to 
25 ft. of No. 18 copper wire; a iess length 
of the same size of wire may be used with 
larger armatures. The different connections 
are evident from the sketch. 

The method of testing is as follows: To 
commence, contact with one telephone wire 
is made with the segment adjacent to the 


comparing it to the lengths corresponding 
to other coils, the number of turns thus 
short-circuited out may be determined, 
though defective insulation throughout the 
coil might give the same indication. If 
when the telephone wire is moved to an ad- 
jacent section there is no material change in 
the point of no click, the corresponding 
segments of the commutator, or ends of 
coil, are short circuited. 

If the resistance of the armature is not 
approximately known, the proper length of 
the looped wire (which may be of copper, 
German silver or iron—whichever is most 
conveniently at hand) may be determined 
by trial, by putting an ammeter in circuit 
alternately between XN and X, and N and A, 
and then increasing or decreasing the length 
of the loop until the current flowing through 
itis approximately one-third of the current 
flowing through X N. In order to make the 
distances 4 B, BC, etc., conveniently long, 
the wire should not be of too small section. 
No. 18 or 20 copper wire will be suitable for 
smaller machines, the gauge decreasing 
with larger machines on account of the lower 
resistance of their armatures. 
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METHOD OF MEASURING HIGH VOLTAGES 
BY MEANS OF A LOW READING 
VOLTMETER. 


BY PROF. A. F. MCKISSICK. 


The following method of measuring high 
voltages by means of a low-reading volt- 
meter has been found very convenient and is 
sufficiently accurate for all practical pur- 
poses. 

The method consists in connecting in series 
between the two points whose difference of 
potential isto be measured, a number of in- 
candescent lamps of the same voltage, candle 
power and efficiency, and measuring the 
pressure around one lamp; then the total 
voltage will equal that indicated by the volt- 
meter multiplied by the number of lamps in 
the series. To illustrate the method, suppose 
it was desired to measure the difference of 
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25-110 volt lamps in series 
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potential between the two terminals of an 
arc circuit of, say, forty arc lamps, and the 
only available voltmeter was a Weston 150- 
volt instrument (resistance about 18,000 
ohms). As the pressure is in the neighbor- 
hood of 2000 volts, connect in series twenty- 
five incandescent lamps of the same voltage, 
candle-power and efficiency and then connect 
this series of lamps between the two termi- 
nals of the arc circuit. As each of these 
lamps would have a potential difference of 
about eighty volts, all should glow when 
properly connected. Assuming that the 
lamps are glowing, connect around one of the 
lamps the terminals of the Weston voltmeter 
as shown in the figure. Multiply the reading 
obtained by the number of laips—twenty- 
five in this case—and the result is the pres- 
sure between the terminals of the arc circuit. 


NOTES. 


Are Central Stations Doomed ?--Mr. Max 
Osterberg has in the current number of the 
Engineering Magazine an article with the 
above caption, in which he contends that 
block lighting plants can supply current to 
customers within the block more cheaply 
than they can be supplied from central sta- 
tions. Mr. Osterberg bases his argument as 
to the cheapness of block over central station 
lighting on the great saving of copper for 
distribution. In block lighting he advises 
the employment of gas engines for power, 
and of storage batteries. 


£ 


Northwestern Electrical Association.—At the 
fifth annual meeting of the Northwestern 
Electrical Association, to be held at Milwau- 
kee, Jan. 20, the following papers will be 
read: “Incandescent Lamps” by F.S. Terry, 
Chicago; ‘‘ Protective Devices for Trans- 
formers” by H. C. Wirt, Schenectady, N. 
Y.; ‘‘ Gaseous Fuels as a Means of Cheapen- 
ing Electricity’’ by Nelson W. Perry, New 
York; ‘“‘ Transformers’’ by O. M. Ash, Elk- 
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hart, Ind.; ‘‘The Garfield Park Electrical 
Plant” by Foree Bain, Chicago; ‘‘Rontgen 
Ray Phenomena” (Illustrated) by Caryl 
D. Haskins, Boston; ‘‘ Electrical Construc- 
tion Affecting Insurance” by Geo. S. Mc- 
Laren, Milwaukee; ‘‘ Safety Devices for 
Electrical Circuits ” by Prof. W. M. Stine, 
Chicago; ‘‘ Electrical Supplies ” by W. W. 
Low, Chicago. 


Underwriters’ National Electric Association.— 
At the annual meeting of the electrical com- 
mittee of the Underwriters’ National Elec- 
tric Association, held in New York, Dec. 7, 
gand Io, suggestions to the number of about 
200 were received concerning changes in the 
code of underwriters’ inspection rules, many 
of which were offered by the code commit- 
tee of the National Conference on Standard 
Electrical Rules. The changes made were 
not radical, being in general such as would 
improve or make clearer existing rules. A 
code of rules and specifications for the in- 
Stallation of marine plants was adopted at 
this meeting. The present rules were or- 
dered to be recodified in order to incorpor- 
ate in their bodies amendments made in the 
past and at this meeting, it being the opinion 
of the Association that the rules are now so 
nearly perfected as to call for this action. 


Practical Electrical lnstruction.—The Central 
Branch of the Young Men’s Christian Asso- 
ciation of Brooklyn, has had evening classes 
for the practical education of busy young 
nien during the past 21 years, and for several 
years past has conducted a course in elec- 
trical engineering under charge of Prof. 
Alfred Mackay. The course, which occu- 
pies two evenings a week, is intended to 
give the student a comprehensive insight 
into the principles of electricity, and a prac- 
tical knowledge of its applications. The 
subjects and course of study are as follows: 
Elementary work in frictional electricity, 
with experiments and blackboard work; 
practical problems in dynamic electricity, 
including equipment and installation of 
electric lighting and power plants, wiring, 
storage battery charging, and testing; also 
design and construction of motors and dy- 
namos. Students have facilities for labora- 
tory practice. 


An Electric Water Power Plant in Utah.— 
Work is rapidly progressing on the hydraulic 
portion of the power plant of the Pioneer 
Electric Power Company, of Ogden, Utah, 
which is to cost $1,500,000 when completed. 
The initial capacity of the plant will be 
10,000 HP, which can, however, be doubled 
at small proportionate cost. The pipe line, 
which is now in course of construction, will 
be six miles long. The piping is six feet in 
inside diameter and is made of wood with 
steel bands, there being 87,000 of the latter 
around four miles of the pipe. It is pro- 
posed at first to install five 1000-HP three- 
phased generators, turbines to drive which 
are to be supplied by the Risdon Iron Works, 
of San Francisco, Cal. The current will 
have a frequency of 60, and will be gene- 
rated at a voltage of 2300. Transformers 
will step up this voltage to 15,000 for the 
transmission of 2000 HP to Salt Lake City, 
and 25,000 volts may be used for transmis- 
sion toa mining region thirty to thirty-five 
miles beyond that place. 
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Z-Rays.—An enterprising Bowery dime 
museum proprietor advertises an exhibition 
of Z-rays, announcing that they are much 
more wonderful in their properties than the 
X-rays, which will be relegated to the rear 
by the new discovery, now for the first time 
exhibited, etc. The museum proprietor, 
however, is not alone in the exploitation of 
the X-ray sensation. A recent writer, who 
thought he had discovered different varieties 
of the Rontgen ray, proposed to give these 
the nameof X, and X,-rays. Notto be out- 
done in this field of nomenclature, it would 
not be surprising if the discoverer of a 
stronger kind of Rontgen radiation should 
propose to dub it the X-ray. When the 
Wurzburg professor, in an excess of modesty 
and with too great confidence in scientific 
etiquette, made use—to provisionally desig- 
nate his great discovery—of the letter which 
is held so mysterious by the non-mathemnati- 
cal, he could not have known how attractive 
a bait it would prove to the mongers in 
sensationalism. 


Regulation of Motor Speed.—In a paper read 
before the November meeting of the Ameri- 
can Institute of Electrical Engineers, entitled 
“ Volts vs. Ohms,” Mr. H. Ward Leonard 
described a method, whereby the speed of a 
motor may be varied from the slowest to the 
highest speed without the loss of energy in- 
cident to the rheostatic method of variation 
—the latter method besides, admitting prac- 
tically of only a very limited range. The 
Leonard system, which has entered into some 
special use, necessitates a generator for 
each motor, and is therefore limited to spe- 
cial applications. The armatures of generator 
and motor form one circuit, the fields of each 
being excited from an external source of 
constant potential. The excitation of the 
motor field is constant, while that of the 
generator field may be varied to any extent 
by a rheostat in circuit. The voltage at the 
generator, and consequently motor, termi- 
nals may thus be varied to any desirable 
extent and therefore the speed of the motor, 
the only loss entailed being the very small 
amount in the field rheostat of the generator. 


Long Distance Transmission.—Some press 
despatches describing the inauguration of the 
Niayara-Buffalo line, were couched in most 
glowing terms, the reporters apparently 
having considered it a remarkable innova- 
tion to transmit 1000 HP 26 miles. In this 
connection one of the officers of the Sacra- 
mento Electric Company writes us that for 
several years past the Folsom-Sacramento 
line has been transmitting from 1800 to 2000 
HP a distance of 22% miles. The above 
mentioned company is lighting the city 
of Sacramento, supplying current for in- 
candescent lighting and stationary motors, 
and for operating 22 iniles of electric rail- 
way. The shops of the Southern Pacific 
Railway are run by electric power as well 
as a number of mills. Attention is also 
called to another plant that has been in 
operation in California for several months— 
that of the San Joaquin Electric Company, 
transmitting about 1000 HP over a distance 
of about 46 miles In view of the above 
cases and of others that might be named, 
our correspondent believes that to California 
belong the honors for pioneer work in long 
distance transmission. 
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Insurance Rules.—The National Conference 
on Standard Electrical Rules has placed the 
drafting a final code of rules in the hands 
of the following gentlemen, representing 
the several bodies named: Mr. W. J. Ham- 
mer, president of the National Conference, 
being also a member of the committee; Prof. 
F. B. Crocker, American Institute of Elec- 
trical Engineers; Mr. Frank R. Ford, Amer- 
ican Street Railway Association; Capt. 
William Brophy, National Electric Light 
Association; Mr. Wm. H. Merrill, Jr., Na- 
tional Board of Fire Underwriters; Mr. E. 
A. Fitzgerald, Underwriters’ National Elec- 
tric Association; Mr. Alfred Stone, American 
Institute of Architects; Mr. E. V. French, 
American Factory Mutual Insurance Com- 
pany. It is very gratifying to observe the 
manner in which the various engineering 
societies and the strong representation of 
the insurance interests represented in the 
National Electrical Conference are working 
in harmony and with such evidences of en- 
ergy, to bring about a long-wished-for and 
much-to-be-desired consummation—an au- 
thoritative and national code of under- 
writers’ rules that will meet the views of all 
interested. 


Efficiency of the Steam Engine Under Vary- 
ing Loads.—One of the most stubborn preju- 
dices in steam engineering circles is that 
multiple expansion engines are less eco- 
nomical than simple engines for service in 
which the load varies widely. In an article 
by Prof. W. F. Durand in the June number 
of the AMERICAN ELECTRICIAN which at- 
tracted wide attention, this belief was 
shown to be unwarranted, and some tests re- 
cently made by a large firm of engine build- 
ers confirm this view. A customer asked 
for guarantees as to water consumption for 
three types of engine—one simple and two 
compound—of 250 rated horse power each, 


WATER CONSUMPTION, 


and for loads varying from 100 to 400 HP. In 
the accompanying table are given the data 
which were furnished. The engine “A” 
was of the simple type, ‘‘ B” a compound 
engine with piston walves and clearances of 
7 and g per cent., and ‘‘C’’ a compound en- 
gine with gridiron valves and clearances of 
3% percent. It will be seen that the com- 
pound engines under both extreme over- 
loads and under-loads are the more efficient. 


The Memory of Savants.—At a recent meet- 
ing of the American Institute of Electrical 
Engineers, Prof. Rowland, during the 
course of a discussion on Rontgen rays, was 
several times at a loss through failure to 
recall numerical data with which he wished 
to illustrate his remarks. In one instance 
considerable amusement was excited when 
he appealed to one of his former students in 
the audience for the numerical value of a 
certain wave length, and was promptly an- 
swered, ‘‘ Give it up.” Lack of memory for 
numerical and other data of mere detail, 
even though pertaining to the subjects of 
which they are acknowledged masters, 
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appears to be a characteristic of leaders in 
scientific thought. Helmholtz had this fail- 
ing, if we may call it a failing of a mind like 
his to refuse to carry the additional burden 
of what may be obtained when needed by 
reference to a note book or other easily 
accessible source. Prof. Berthelot, the great 
French chemist (recently prime minister of 
France), was notoriously unable to recall in 
his lectures numerical data, and was apt to 
startle a new student by helplessly appeal- 
ing to him for the value of a chemical heat 
equivalent, the announcement of the de- 
termination of which by the inquirer him- 
self may have interested the entire scientific 
world. If, as maintained by some writers, 
the memory has a definite limit, and, there- 
fore, storing it with mere data causes thie 
exclusion of what may be of more impor- 
tance, it would be wise in others than 
savants to cultivate the habit of forgetting 
what is not absolutely necessary to retain in 
the memory. 


Carrying Capacity of Cables.—The Electrical 
Bureau of the National Board of Fire Un- 
derwriters has conducted experiments on 
the heating of cables, the result of which is 
the accompanying table of carrying capaci- 


ties for ‘‘open work,” by which is meant con- 
struction that admits of all parts of the 
surface of the insulating covering of the 
cable being surrounded by free air. The 
table applies to all common forms of insulat- 
ing and protecting coverings used, includ- 
ing rubber, asbestos and weather-proof com- 
pounds. These values give the same rise in 
temperatures as in that of wires from No. 
14 to No. oooo B. & S. already included 
in the National Insurance Code, and are con- 
sidered suitable for adoption. The current 
flows given continued indefinitely will not 
cause heating of the cablesin excess of what 
they would reach in boiler rooms, or when 
exposed to the sun of a warm summier’s day. 
In no event will sufficient heating effects be 
produced to increase the rapidity of deter- 
ioration of ordinary forms of insulating 
coverings. 


A Large Water Power Electric Plant.—A11 
of the necessary preliminary work has been 
done preparatory to conimencing the devel- 
opment of from 100,000 to 200,000 HP from 
the falls of the St. Lawrence River, near 
Massena, N. Y. The Grass River, a con- 
siderable stream, flows parallel to the St. Law- 
rence in this vicinity and only three miles 
away, discharging into the latter at a point 
seven miles below. In this distance the St. 
Lawrence falls about roo ft. over the Long 
Sault Rapids, while the Grass River only 
falls about 50 ft. A canal only three and a 
half miles long will bring the St. Lawrence 
water toa limestone bluff on the north bank 
of the Grass River, where it will have a 
sheer fall of 50 ft. to the river below, which 
will serve as a tail race to take the water 
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back to the St. Lawrence. It is claimed 
that a canal for 100,000 HP will cost but 
$1,000,000. It is intended that factories 
shall be erected on the spot and a town 
built there. The power will be utilized to 
run pulp and other mills, but the greater 
part will be transforméd into electrical en- 
ergy to be used in electro-chemical pro- 
cesses. The manufacture of calcic carbide 
will be carried on on a large scale according 
to a new process recently invented. Stew- 
art & Company, of 4o Wall Street, New 
York, who are at the head of the enterprise, 
report that $3,000,000 of bonds have been 
placed in London, thus ensuring its success. 
Lieut. F. Jarvis Patten is engineer of the 
company, Mr. John Bogart, formerly New 
York State engineer, acting as consulting 
engineer. Lieut. Patten is now engaged 
designing the electrical machinery, which 
will consist of 10,000-HP multiphased gen- 
erators direct connected to the spindles of 
turbines of that output. The plans contem- 
plate five or ten electric furnaces to a dyna- 
mo, each of 1000 HP or 2000 HP, the latter tak- 
ing I5,oooamperes at 100 volts. 

An American Inventor Abroad,—The London 
Electrical Review announces that the list of 
foreign orders which have been conferred 
upon Prof. D. E. Hughes has been added to 
by the King of Servia, who has presented 
the Grand Officer’s Star and Collar of the 
Royal Order of Takovo. Our English con- 
temporary believes that but one Englishman 
living possesses more foreign decorations 
than Prof. David E. Hughes, and that cer- 
tainly no electrical man ever met with such 
distinguished recognition outside his own 
country. Eight European governments, it 
states, have done him honor, yet the only 
instance in which the British Government 
officially recognized Prof. Hughes was when 
it appointed him a Commissioner to the 
Parisexhibition. ‘‘Nodoubt,’’ it adds, ‘‘Prof. 
Hughes’s invention, the type printing tele- 
graph, has been more appreciated in foreign 
telegraphic systems than in this country, 
but apart from that remarkable instrument, 
Prof. Hughes has done great services to 
electrical science. It would not be easy to 
overrate the importance of the microphone, 
yet this was freely given to the world. In 
other directions Prof. Hughes has labored 
and wrought with success, and we feel sure 
that there is not a single electrician living 
who would not rejoice if our own Govern- 
ment were to bestow some honor upon him.” 
It may not be generally known that Prof. 
Hughes was formerly an American citizen. 
His parents emigrated to the United States 
from England when he was a child of seven 
years, and at the age of 19 he was appointed 
Professor of Music at the College of Bards- 
town, Ky., in which college he later occu- 
pied the chair of Natural Philosophy. In 
1854 he constructed his first typewriting 
telegraph at Louisville, and during the next 
several years it was largely used in the 
United States. In 1857 Prof. Hughes went 
to Europe in order tointroduce his telegraph 
there, and after several years’ labors it was 
adopted by the French Government for its 
lines. Later his system and apparatus were 
adopted in Great Britain and by the govern- 
ments of Italy, Russia, Prussia, Austria, 
Bavaria, Wurtemburg, Switzerland and Bel- 
gium. 
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Measuring Insulation Resistance. 

In this issue are several further articles on 
the measurement of insulation resistance by 
means of instruments easily obtainable and 
according to methods extremely simple in 
That by Mr. W. B. Hale 
supplements articles by Prof. A. F. Mc- 
Kissick and Mr. W. R. C. Carson, which 
appeared in previous issues, the three to- 


their character. 


gether bringing out the applicability of good 
commercial voltmeters to measurements 
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that are usually thought to involve labora- 
tory instruments and methods. It should be 
remembered, however, that the type of in- 
strument referred to is, in fact, a delicate 
D’Arsonval galvanometer with the added ad- 
vantage that its readings are expressed in 
units of current, and are therefore directly 
applicable, numerically, to the simplest form 
of Ohm's law. The method of Dr. Oscar 
May does not differ in principle from the 
others above mentioned, merely indicating, 
in addition, how an instrument may be em- 
ployed that would not be suitable if directly 
connected between the gronnd and the line 


whose insulation resistance is to be measured. 
——— 
Insurance Rules. 


When the movement was started which 
resulted in the formation of the National 
Conference on Insurance Rules, many 
shared in the fear that, instead of the out- 
come being a single set of rules for insur- 
ance inspection, two rival codes would strive 
for supremacy, with unfortunate results for 
the electrical contractor thus placed be- 
tween two fires. This view was based upon 
the fact that the insurance interests abso- 
lutely control the situation through their 
power to refuse to place insurance on a 
property having an electrical plant not in- 
stalled in conformity with the rules laid 
down by them, though meeting every re- 
quirement of another code equally well 
Subse- 
quent events have shown this fear to be un- 


guarding against the danger of fire. 


grounded, and the thanks of the electrical 
industry are due to the National Conference 
for the skillful manner in which it has 
avoided a conflict with the insurance inter- 
ests that might have had unfortunate re- 
sults, while nevertheless accomplishing its 
purpose, as we believe has been done, of in- 
troducing changes in such rules of the 
underwriters’ code which bore unnecessarily 
hard on electrical interests. 


Witha membership of the highest pro- 
fessional standing representing all branches 
of the electrical industry, and also in- 
cluding a strong representation of the in- 
surance interests, the National Conference 
is a body admirably constituted for the 
task of adjusting differences that almost 
necessarily wi'l arise between two classes 
When 
its present work is ended we believe it would 


often having conflicting interests. 


be the part of wisdom for the body to be re- 
tained in existence, both in order that its 
influence may continue toward keeping in- 
surance rules in conformity with the latest 
electrical advances, and to act as aboard of 
Constituted 
as it is, and in view of the character it has 


arbitration in case of conflict. 


already established for conservatism and 
fairness, we doubt if at any time its recom- 


mendations would be disregarded, but, on 
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the contrary, would be welcomed by the 
underwriters as authoritative solutions to 
the vexed problems in insurance inspection 
that are likely to come up at any time. 


—— u 
Hysteresis. 
In another column the reader will find an 


article by Mr. E. J. Berg, giving a very clear 
exposition of the phenomenon of hysteresis, 
together with data by means of which nu- 
merical determinations of the value of losses 
resulting from it may be made. Though ex- 
pressed for brevity in algebraic form, the 
relations between the various factors upon 
which the loss by hysteresis is dependent 
may be very easily understood, both from the 
context and through the numerical examples 
added. It is scarcely needful to say that 
hysteresis is an extremely important factor 
in practical electricity, not only on account 
of the losses which it entails, but also from 
the accompanying heating effect. In a re- 
cent issue, for example, a case was cited of 
all armature made of iron of poor hysteretic 
quality, which heated to such a high tem- 
perature through hysteresis that when run 
on open circuit the insulation was charred. 
In a 1o-light transformer tested by Ryan, 
the hysteresis loss with an input of 607 watts 
was 69.7 watts out of a total loss of 82.9 
watts; and with one lamp in circuit the hys- 
teresis loss was 93.9 watts out of a total - 
With iron of the 
hysteretic quality generally used in modern 


input of 159.1 watts. 


transformers, the hysteresis loss assumes a 
much less proportionate amount, but yet 
may form the greater part of the total loss. 


The example cited above shows how im- 
portant the effects of hysteresis may become 
in armatures. The loss may vary from one- 
half to three watts or more per pound of iron 
in the armatures of continuous current or 
This 
fact illustrates the absurdity of basing the 


alternating generators and motors. 


efficiency of a generator or motor on its cop- 
per loss alone, which was formerly done, 
since the sum of the hysteresis and eddy 
losses may considerably exceed the copper 
loss, and usually does in alternators, and the 
first named alone may be greater than all 
the other losses combined. Notwithstand- 
ing this fact, a writer has recently pro- 
posed a ‘‘universal’’ standard for rating 
electric railway apparatus, in which compari- 
son of the efficiency of such an apparatus is 
to be made with respect to the copper resist- 
ance alone, the statement being that ‘‘the 
internal resistance, although not a positive 
indication of electrical losses, is sufficiently 
near to it, as a rule, to serve as a guide.” 
nee N O eoc 

Compressed Air in Street Railway Work. 

The article in another column by Prof. 
Ww. S. Aldrich on “Compressed Air in 
Railway Work ” will be found of much in- 
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terest in presenting the favorable aspects of 
that source of motive power. Abroad the 
success of the well known Mekarski system 
is what has doubtless led to the revival in 
this country of interest in the subject. In 
this system the air is stored at a pressure of 
twenty-five atmospheres in reservoirs on the 
motor cars, and reduced to five atmospheres 
through regulating valves before being used 
in the air motors. The loss accompanying 
such reduction of pressure, 38 per cent. or 
more, is made good by reheating the air be- 
fore use. Among the objections urged 
against this system is the carrying of the 
dead weight of the reservoirs and the neces- 
sity of returning to the central station for 
recharging, being thus similar to those raised 
against the use of storage batteries. In 
Paris, M. Popp has laid down two and one- 
half miles of a line supplying compressed 
air at ten atmospheres for street railway 
traction, the cars to be recharged at any 
of numerous points along the. railway line. 
In New York City, two compressed air 
motor cars have been running on the Fort 
Lee route of the Third Avenue cable road 
since Aug. 3, 1896, alternating with the 
cable cars at proper intervals. The air is 
compressed at the central station to 2500 
lbs. per square inch, and stored in Mannes- 
man tubes on the motor car at 2,000 lbs. 
per squareinch. Before using in the motor 
cylinders it is reduced to 100 or 150 lbs. per 
square inch, and is then passed through a 
tank of hot water, and heated to about 300 
degs. Since that time three compressed air 
- motor cars have been put into operation on 
the Lenox Avenue line of the Metropolitan 
Traction Company, running on regular 
schedules with the other cars operated by 
the underground trolley system. The air is 
stored on the cars at 2000 Ibs. pressure, and 
is also reheated before being used. 


Compressed air is thus being given a fair 
trial in this country, and one which will de- 
monstrate whether, under the conditions 
here existing, it possesses the elements of 
economy for street railway traction which 
its advocates claim. That it has proved 
satisfactory in a few cases abroad cannot 
be accepted as an indication that similar 
success will be attained here. How differ- 
ent the conditions are is shown, in converse, 


by the history of electric traction here and: 


in Europe—there being 12,133 miles of elec- 
tric railway in the United States to 564 in all 
of Europe. We note that Professor Aldrich 
adopts the singular use, much affected by 
compressed air advocates, of efficiencies ex- 
ceeding 100. We believe that it is not 
denied that heating at the motor receiver is 
absolutely necessary for commercial effi- 
ciency in working c »mpressed air, but instead 
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of this appearing as a disadvantage to the 
system, by the method of percentages em- 
ployed it gives rise to numerical efficiencies 
to which none but discoverers of perpetual 
motion have hitherto laidclaim. To be sure, 
if the gas consumed for such reheating is 
not charged up, and the first cost, mainte- 
nance and investment charges of the appar- 
atus thus necessited are not considered, 
On this 
principle, however, a central station might 
make a wonderful showing of efficiency by 
using small generators, though ever so in- 


such percentages may be correct. 


efficient, and large boosters. 
— eee 
Calculation of Multiphased Transmission Lines. 


We have received a number of requests 
for information in regard to the method 
of calculation of multiphased transmission 
lines, and in another column will be found 
an article on this subject. The three-phased 
system has been chosen as it possesses ad- 
vantages over the two-phased system for 
transmission on account of entailing less in- 
ductive drop and less maximum stress on 
insulation. As all long distance transmis- 
sions will employ step-up and step-down 
transformers, either a two-phased or three- 
phased generator may be used, it being im- 
material if a transformer is wound to send 
out currents having the same difference of 
phase as when received or having another 
phase relation, the same being also true at 
the step-down end of the line. 


As explained elsewhere, the calculation of 
a transmission line may be made on the 
basis of a direct current line if inductance 
is neglected and allowance made for the 
load factor of the receiving apparatus, and 
for the saving in copper which the use of the 
three-phased system involves. The latter is 
25 per cent., so that the amount of copper is 
75 percent. of that necessary for a direct 
current line transmitting the same energy 
at the same loss. If the receiving appara- 
slips 
through it without doing any work, the case 


tus has inductance, some current 
being similar to the application of force toa 
The 
value of this ‘‘idle’’ current is expressed in 
the load factor, and should be added to the 
useful current before making the calcula- 


tion of the line by the above method—the 


crank when it is on a dead center. 


useful current being the energy delivered 
divided by the delivery voltage. 


The matter of inductive drop is one 
which will have to await actual experience 
before its practical importance can be actu- 
ally determined. This drop is due to the lines 
of force generated by the current carried, 
cutting into and out of the loop of the line 
with each cycle of alternation, thus generat- 


ing a back E. M. F. as in a choking coil. As 
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the amount of the inductive drop will vary 
directly as the current carried, its effect, if 
uncompensated for, is to cause more or less 
considerable fluctuations in the delivery 
voltage, thus affecting the working of ap- 
paratus and causing serious fluctuations on 
Three methods have been 
proposed to neutralize inductive drop—by 
means of condensers, electrolytic cells or 
over-excited synchronous motors. The first 
two are not considered to be practicable, at 


lighting circuits. 


least where the amount of power transmitted 
is considerable, and the latter method has 
alone been put into practical use. 


The principle of the correction of induc- 
tance by an over-excited synchronous motor 
is that such a machine impresses on the line 
an E. M. F. opposite to the inductive E. 
M. F. causing drop, thereby nullifying it 
in the same manner as would be done by a 
condenser. In order to be effectual for all 
loads, such motors should at any time have 
a corrective effect proportional to the load 
on the line at that time, which, if the motors 
are being also commercially employed doing 
work, is practically impossible. How much 
of a departure from this requirement will 
affect the method, and the proportion of the 
load necessary to be carried by such syn- 
chronous motors in order that their effect 
shall be sufficiently great, are questions to be 
Should the induct- 
ive drop require to be calculated, the opera- 
tion will be somewhat complex, as it depends 
upon the size of the wire itself, the distance 
apart of the several wires, and their relative 
disposition on the poles. In addition, for 
rigorous results, the capacity of the line 
should be calculated and the rise of E. M. F. 
due to it subtracted from the inductive drop. 


determined by practice. 


The amount of drop for transmission lines 
is not assumed, as appears to be the general 
impression, but calculated on such a basis 
that the yearly cost of energy lost in the line 
through its resistance, is equal to the annual 
charge on the cost of the line. In fact, in a 
formula deduced to determine the most 
economical weight of copper to use ina line, 
no drop factor is used—it being necessary 
to separately calculate the drop after the 
size of wire has been determined. Should 
this latter factor then be found too large for 
the purposes of the transmission, it may be 
reduced, though in doing so the economy of 
transmission will also be reduced. If the in- 
ductance of the line is also taken into consid- 
eration, the problem, as before remarked, 
becomes one of much complexity, but the 
simple method here given will, at least, 
answer for purposes of estimate, and if in- 
ductance can be practically neutralized by 
the use of over-excited synchronous motors, 
it will give rigorously correct results. 
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HOW TO MAKE A CONSTANT POTENTIAL 
ARC LAMP. 


BY CECIL P. POOLE. 


With a small screw-cutting lathe, a drill 
chuck and a few drills and other small tools, 
any mechanic of average ability, having a 
fair knowledge of electrical apparatus, can, 
by using the accompanying sketches as 
working drawings, make a reliable and effi- 
cient arc lamp for use on a 110-volt continu- 
ous-current circuit, in series with a resist- 
ance coil of 8 ohms, or a duplicate lamp and 
a resistance coil of 134 ohms, preferably the 
latter. Fig. 1 shows the frame of the lamp, 
one-half in cross-section. 4 is the top-plate; 
B is the floor-plate; C, C, are short side-rods; 
D, D, are long side-rods; Æ, the yoke; F, 
the bottom carbon holder; 2, 7 and Å, are in- 
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FIG. I. SEMI-SECTIONAL, 
SKETCH OF FRAME. 


FIG. 5. ELEVATION AND PLAN 
OF BRASS FRAME. 


sulating washers of hard fibre. The under 
side of the top-plate, 4, is shown by Fig. 2. 
It is of cast-iron or brass, and is provided 
with two lugs, d, d, 3% in. in diameter and 
1 in. long, drilled and tapped % in. deep 
to take \/-in. gas pipe; a lug, ¢, % in. in 
diameter and 1 in. long, drilled and tapped 
to take a yin. machine screw, and a flange 
around the outer edge, jj in. thick and 
y% in. deep. At diametrically opposite 
points, two pins, 7, x, are set in the flange; 
these are of ,,-in. steel wire, 3 in. long. 
The centers of the lugs, d, d, are 2 3% ins. 
from the center of the plate, and the center 
of the lug, ¢, is 2% ins. from the center of 
the plate. On the upper side of the plate 
is a neck (see Fig. 1) 1% ins. in diameter 
outside, and standing I in. above the upper 
surface of the plate. This neck 1s bored 


FIG. 2. UNDER SIDE OF 
TOP-PLATE. 


FIG. 6. PLAN VIEW OF MECH- 
ANISM, MINUS CLUTCH. 
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3% in. deep, and tapped to fit a 3/-in. gas 
pipe; below this bore, a hole, }4 in. in diam- 
eter, is drilled clear through the plate. A 
fibre washer, 2, shown enlarged in Fig. 8, is 
fitted to this hole; the larger diameter of the 
washer, 7, must be such as to allow it to slip 
down freely in the threaded neck, and the 
smaller diameter must fit snugly the 44-in. 
hole at the base of the neck; the bore at the 
top of the washer is 34 in., and the recess in 
the under side is % in. in diameter. The 
washeris x in. thick, and the flange is 1 in. 
thick. 

The short side-rods, CC, are pieces of %/- 
in. gas pipe, 534 ins. long, threaded on the 
outside at the upper ends and on the zuside 
at the lower ends; the long side-rods, DD, 
are similar pieces of gas pipe, 19% ins. long, 
threaded on the inside at both ends; the in- 
side threads are 3% in. long, and the outside 
thread is an inch long. The short and long 
side-rods are held together by a steel plug, 
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l, 13¢ ins. long, threaded the whole length 
to correspond with the thread in the side- 
rods; the washers, 77, shown enlarged in 
Fig. 8, are interposed to insulate the floor- 
plate, Z, from the side-rods and top plate. 
These washers are 34 in. outer diameter and 
¥ in. diameter at the neck; the bore is such 
as to allow the threaded plug, Z, to slip 
through without having to screw it; the 
flange is % in. thick, and the total thick- 
ness is 1 in. , 

The floor-plate, B, (Figs. 1 and 3)is of 
brass or iron, 5/8 ins. diameter, ¥ in. thick, 
and has a round lug, c, 34 in. in diameter 
and % in high. There are two 1 in. holes, 
bb, a34 in. hole, a, in the center, and a 
hole through the center of the lug, c, 
threaded for a ,&-in. screw. The distances, 
center to center, are 2% ins. from @ to each 


FIG. 3. UPPER SIDE OF 
FILOOR-PLATE. 


FIG. 7. ELEVATION OF MECH- 
ANISM, COMPLETE. 
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6 and 13f ins., a toc; the lug, c, is 90 degs. 
from the holes, 64. If itis more convenient, 
the floor-plate may be cut from sheet brass 
and the lug, c, soldered on, or screwed in 
and riveted. 

The yoke, Æ (Figs. 1 and 8), may be cut 
from a strip of brass 1% ins. wide and ; in. 
thick; the center hole is 3 in. and the others 
¥% in. in diameter; the distances are 2% ins. 
each way, from center to center of the large 
hole and each of the smaller ones, corre- 
sponding to the location of the lugs on 4, 
and the holes through Z. The carbon holder 
F, is made of two pieces of brass tubing, the 
long one % in. inside diameter and the short 
one of a size to fit snugly over the long tube; 
the two are sweated together and riveted as 
a precaution against the loosening of the 
solder by the heat from the arc when the 
carbons are almost burned out. The long 
piece of tubing is threaded from the end of 
the short piece 34 in. down, and turned down 


FIG. 4. ELEVATION AND 
PLAN OF ARMATURE. 
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FIG. 8. SMALL PARTS. 


to 5 in. outside diameter the balance of 
its length to allow the nut, g, to slip up to 
the beginning of the thread, and to forma 
mandrel for the globe holder. A % in. pin, 
I in. long, must be driven horizontally 
through the shank of the carbon holder, % 
in. below the thread, after the nut is on; the 
pin holes should be drilled exactly across 
the center of the tube, so that when the pin 
is inserted the ends will project from diamet- 
rically opposite sides of the shank. This pin 
is to support the globe-holder, as will be ex- 
plained farther along. The carbon-holder is 
3 ins. long over all, and the short piece of 
tubing, which forms a sleeve over the holder- 
tube, is I in. long. A set-screw, %, serves 
to clamp the carbon in the holder. The yoke © 
is insulated from the side-rods by washers, 7 
and &; the former was described above, and 
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the latter is a plain, flat fibre washer 14 in. 
thick, in. diameter, with a 34 in. hole; 
screws, m, m, hold the yoke to the side- 
rods. 

The lamp is of the clutch type, and the 
moving parts consist of a magnet-armature, 
a clutch and a carbon-carrying rod. The 
magnet is a straight, round bar, with a sin- 
gle coil; the core (X in Fig. 6) is 3% in. in 
diameter and 3 ins. long, with a shoulder 
X in. long at each end, the diameter there 


being % in. The core is provided with two 


insulating heads of fibre % in. thick, the 
hole in which is a tight fit on the re- 
duced ends of the core, and after it is wound 
it is mounted between two brass frames, 
N, N (Figs. 5 and 6). Each frame, J, 
has a ¥-in. hole drilled in its base, the 
exact location of which may be found by 
reference to Fig. 5. These frames have 
standards to which is pivoted the armature, 
P (Figs. 4,6and 7). The thickness of the 
metal is % in. throughout. The back ends 
of the frames, N, N, are held down by a 
cross-bar, g (Fig. 6), which has a %-in. hole 
in the center to allow the lug, c, to come 
through. The lug is threaded on the out- 
side to take a nut to hold down the cross-bar, 
g. The baris % in. thick, ¥ in. wide anda 


FIG. 9. CROSS-SECTION OF GLOBE-HOLDER. 


trifle over 23% ins. long so that the ends may 
be filed to fit exactly between the pivot 
standards of the frames, N, N. 

The armature is a piece of flat Norway 
iron, 3y, in. thick, 54 in. wide and 11 ins. 
long, bent into a U, as shown in Fig. 4, and 
provided with two ears, 7,7, % in. thick, 
which carry a round rod, s, of steel, 3; in. 
diameter. At the back end a clip, ź, of 
brass, is riveted on; this piece has a hole 
through it, tapped for a -in. machine 
screw. Pivot holes, whose centers coincide 
with the dotted line, 2, p, are drilledin the 
sides of the armature. The dimensions 
specified in the drawing must be carefully 
observed. 


The clutch Æ (Fig. 8), is a flat piece of 
brass % in. thick, 3% in. wide and 23% ins. 
long, with a f in. hole drilled 3fin. from 
one end anda \% in. slot, % in. deep, sawed 
in the other end. The edges of the hole 
must be very slightly rounded to prevent 
the clutch from cutting into the carbon rod; 
vis a regulating screw to trip the clutch; it 
is 3% ins. long over all, 3, in. diameter at 
the threaded partand ) in. diameter beyond 
the shoulder. The shoulder is one inch from 
the end. The armature, frames, clutch and 
carbon rod are shown assembled in Fig. 7. 
The spring, y, which pulls the armature up- 
ward is adjusted by means of the screw, w, 
which screws into the lug,é, on the top-plate. 
The screw is §, in. diameter and the threaded 
end is an inch long. The play of the arma- 
ture is limited by the back-screw, z, by 
means of which the length of arc first struck 
is adjusted; the screw, v, and the spring, y, 
regulatesthe length of arc while burning. 
The spring is attached toa stout brass wire 
strung from limb to limb of the armature. 
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The magnet is wound with No. 30 double 
cotton-covered magnet wire, 32 layers deep, 
and 125 turns long, the starting end being 
connected with the core and the outer end 
with the bottom carbon holder. Binding 
posts may be put on if desired, but the writer 
prefers to carry a piece of No. 12 rubber- 
covered and braided wire from the yoke up 
alongside one of the side-rods, making this 
the negative lamp termiual; the outer end 
of the magnet coil may be connected to this 
terminal by means of a piece of stout wire 
brought through the floor-plate, 2, of the 
lamp, the hole being bushed with insulation, 
and the positive terminal may be a binding 
post screwed in the floor-plate (which is in 
electrical contact with the carbon rod.) 

The case of the lamp is a piece of thin 
sheet brass, 6 ins. 19 ins., bent into a 6- 
in. tube and riveted at the lap; at one 
end of the tube thus formed, and diametric- 
ally opposite each other, are bayonet slots 
which engage with the two pins projecting 
inwardly from the flange of the top plate of 
the lamp. The carbon rod is a piece of 
brass tubing % in. diameter outside, 24 ins. 
long, with a ;4,-in. wall. The upper carbon 
holder can be purchased for asmall sum and 
is not worth the trouble of making. The ball 
and shank must be made to fit the carbon- 
holder and the bore of the carbon rod; the 
shank should be an inch long, very slightly 
tapered. Drill a ,4-in. hole clear through 
the rod, % in. from the end, before insert- 
ing the shank; then tin the shank and the 
inside of the end of the carbon rod, drive the 
shank in and solder through the holes. 

The globe-holder (Fig. 9) consists of a 
disk of brass (or iron) ;3,; in. thick and 5 ins. 
in diameter, having a piece of brass tubing 
screwed into its center, and three lips riv- 
eted at equi-distant points around the edge. 
The tube in the center must fit snugly over 
the shank of the carbon-holder (Fig. 1), and 
it hastwo bayonet slots at the upper end 
which fit over the ends of the pin driven 
transversely through the carbon-holder 
shank. This tube must measure 1% ins. 
long above the disk. The ears are simple 
brass strips each % in. thick, % in. wide 
and 2 ins. long, with 34 in. of its length 
bent up almost at right angles to the bal- 
ance; ,3;-in. thumb-screws in the up-turned 
lips serve to hold the globe by its rim. 

Two arc lamps such as the one above de- 
scribed will work together, in series with 
a resistance coil of 1% ohms, on any 110-volt 
continuous-current circuit. 
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The Electric Railway in Europe. 


During the past year, the number of elec- 
tric railways in Europe has increased from 
70 to 111, the total length of lines going up 
from 437% miles to 564. Germany has a 
total length of 255 miles and 857 motor cars; 
France, 82% miles and 223 cars; England, 
67 miles and 168 cars, and Switzerland, 2914 
miles and 86 cars. Bulgaria and Denmark 
are the only countries which have no line 
with electric traction. Of the 111 lines, 91 
are on the overhead wire system, 9 have 
a central rail, 8 accumulators, and 3 an 
underground conduit. It may be added 
that the United States has 12,133 miles of 
electric railway and 26,242 motor cars. 


281 


AMERICAN TELEPHONE PRACTICE. 


THE TELEPHONE RECEIVER. 


BY KEMPSTER B. MILLER. 


To construct a receiver capable of repro- 
ducing speech is a very simple matter. In 
fact, nearly any electromagnet, with a com- 
paratively light iron armature, such as is 
commonly used in electric bells and tele- 
graph instruments, may be made to repro- 
duce, with more or less distinctness, sounds 
uttered in the vicinity of a transmitting 
apparatus with which it is in circuit. It 
has proved more difficult, however, to con- 
struct a receiving instrument which will 
reproduce speech well, and at the same time 
be practically successful in everyday use. 

The simple bar magnet with a thin iron 
diaphragm in close proximity to one of its 
poles, used in the early experiments in tele- 
phony, leaves little to be desired in point 
of theory, and this form has been very gen- 
erally adhered to throughout this country. 
The instrument has been made much more 
sensitive than were the early forms, but this 
result has been accomplished more by 
better mechanical and electrical design, and 
the use of better materials, than by any de- 
parture from the original principles of its 
action. 

Aside from actual talking efficiency many 
considerations of a purely mechanical na- 
ture enter into the design of a good tele- 
phone receiver. It should be durable and 
capable of withstanding the rough usage to 
which it will necessarily be subjected by 
careless or ignorant users. It should be of 
such construction that its adjustment will 
not be changed by mechanical shocks, or 
by changes in temperature. It should be 
of such external configuration as to enable it 
to be conveniently placed to the ear. The 
chamber in which the diaphragm vibrates 
should be small and of such shape as not to 
muffle the sound. The binding posts should 
be so securely fastened in as to prevent their 
becoming loose and twisting off the wires 
inside the receiver shell; and the construc- 
tion should be so simple as to render the 
replacing of any damaged part an easy 
matter. 

By far the greater number of receivers 
used in America are of the single-pole type. 
The particular form shown in Fig. 1, has 
proved very efficient and is now largely used 
by the American Bell Telephone Company. 
Its chief merit lies in its simplicity. 

In Fig. 1, M is a compound bar magnet, 
composed of two pairs of separately magnet- 
ized steel bars arranged with like poles to- 
gether. Between the pairs of bars is clamped 
a soft iron pole piece, P, at one end, and a 
similarly shaped iron block, Q, at the other 
end. These parts are firmly bound together 
by the two screws,SS. On the end of the pole 
piece is slipped a coil of wire, G. This coil 
is usually wound with two parallel No. 38 
B. & S. silk-insulated copper wires, and has 
a total resistance of about 75 ohms. 

The magnet is incased ina shell of hard 
rubber, composed of two pieces, 4 and B, 
which screw together and clamp between 
them the diaphragm, D, of thin sheet iron. 
The piece, Ø, is hollowed out as shown, to 
form a convenient ear-piece. A tail-piece, 
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7, carrying two binding posts, / /, fits over 
the end of the case opposite the ear-piece 2, 
and is held in place bya screw, Æ. This 
screw engages a threaded hole in the block, 
Q, and serves not only to hold the tail- piece 
in place, but to bind the magnet securely to 
the shell. Soldered to the binding posts 
are heavy leading-in wires, WW, which pass 
along the sides of the magnet and are sol- 
dered to the respective terminals of the fine 
wire forming the coil. 

The diaphragm of this instrument is about 

$o in. in thickness, and 2 ins. in diameter. 
The free portion of the diaphragm is but 
1% ins. in diameter. 

In some single-pole receivers the old style 
of magnet, consisting of a single cylindrical 
bar of steel, is still used, instead of the com- 
pound magnet formed of several separately 
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FIG. I.—COMPOUND BAR MAGNET RECEIVER. 


magnetized bars, but with generally inferior 
results, owing to its weaker and less perma- 
nent magnetic fields. 

In the bipolar receivers which are now 
coming more generally into use, the object 
is to strengthen the magnetic field of force 
in which the diaphragm vibrates, by pre- 
senting both poles of the magnet to the dia- 
phragm. The length of the path of the 
lines of force though the air is thus greatly 
shortened and the field of force is concen- 
trated at the point where it will be most 
effective. 

This type is well illustrated in Fig. 2, 
which represents the instrument now gener- 
ally adopted, made by the Western Tele- 
phone Construction Company. The shell, 
A, and ear piece, 8, are of hard rub- 
ber and clamp between them the soft iron 
diaphragm ØD, as in the instrument described 
above. 

The magnet consists of two pairs of sep- 
arately magnetized steel bars, F F and P FP’, 
the separate bars in each pair being laid 
with like poles together, so that each pair 
forms in itself a compound bar magnet. 
These two compound bar magnets are so laid 
together that the north pole of one is oppo- 
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site the south pole of the other. The two 
pairs of bars are held apart at one end by 
the hard rubber adjustment block, Æ, and 


.at the other end by the soft iron block, Z. 


On each side of the block, H, and between 
it and the pairs of bar magnets, are the soft 
iron pole pieces, PP, on which are wound 
the coils, G G. 

The block, Æ, has two segmental flanges 
projecting out beyond the sides of the mag- 
net bars. These flanges are screw-threaded 
on their circumferential surfaces so as to en- 
gage a thread, g, on the inner surface of the 
shell, 4. The magnet may thus be adjusted 
toward or from the diaphragm by turning it 
in the shell, 4. _ 

A tail-piece, 7, of hard rubber is so 
shouldered as to fit into the small end of the 
receiver shell, and is prevented from turning 


S [l 


Af P 


| 


A 
y 
Y 
E7 
4 
i 
% 
A 
Y 
Z 
A 
Y 
A 
Z 
7 
A 
J 
% 
Y 
Z 
% 
4% 
g 


MH AAAIW 


Ss 


AQ AAA ROMMAMBWNS: 


i- GUT), 


ia) 


FIG. 2.—BIPOLAR BAR MAGNET RECEIVER. 


in its place by small lugs fitting into notches 
in the shell. A screw, O, extends through 
the tail-piece and clamps the magnet into 
any position to which it has been adjusted. 
To the binding posts, //, are soldered heavy 
leading-in wires, W W, which pass through 
holes in the adjustment block, Æ, and are 
soldered to the terminals of the fine magnet 
wire. These heavy wires, W W, are firmly 
knotted after passing through the block, H, 
in order to prevent any mechanical strain 
coming on the hair-like wires of the magnet 
coils, when the tail-piece isremoved. Suffi- 
cient slack is left in the leading-in wires to 
allow the removal of the tail-piece a short 
distance, to give access to the end of the 
magnet for purposes of adjustment. 

In many forms of receiving instruments 
much trouble is experienced in keeping per- 
manent the adjustment between the magnet 
and the diaphragm. This is due to the 
fact that steel and hard rubber differ widely 
as to their amounts of expansion or con- 
traction under changes in temperature. In 
instruments where the magnet is rigidly 
secured to the shell only at a point at con- 
siderable distance from the diaphragm, the 
unequal expansion or contraction of the 
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magnet and the shell causes the distance be- 
tween the pole piece and the diaphragm to 
vary with every change in temperature. A 
sudden change will thus often render a re- 
ceiver inoperative. 

This source of trouble has been practically 
removed from the receiver shown in Fig. 2 
by securing the magnet to the shell at a 
point so close to the diaphragm that the 
difference in expansion or contraction be- 
tween the hard rubber and steel can hardly 
be noticed. 

Another way of obviating this diffi- 
culty, largely used in European countries, 
is to construct the shell holding the dia- 
phragm of some metal having nearly the 
same coefficient of expansion as the steel 
magnets, This method has not, so far as I 
am aware, been used to any great extent in 
this country. 

Fig. 3 shows one of the early forms of 
bi-polar receivers. This was devised in 1881 
by Clement Ader, of Paris, France, and is 
with some modifications largely used in 


FIG. 3.—ADER BIPOLAR RECEIVER. 


France and other European countries to- 
day. This embodies the results of one of 
the few successful attempts at increasing the 
electrical efficiency of the telephone receiv- 
er. The magnet, Z, is ringshaped, and has 
fastened to its poles two L-shaped pole 
pieces carrying coils, CC. The box, X, en- 
closing the pole pieces and coils, is secured 
to the magnet by screws, Æ Æ, and is screw- 
threaded at G, so as to engage a correspond- 
ing screw-thread on the inner surface of the 
cap, S, which has a flaring portion, Æ, form- 
ing an ear-piece. The diaphragm, D, is 
clamped between the pieces, Æ and S, as in 
the American instruments described above. 
Surrounding the opening, leading from 
the diaphragm to the ear-piece, is a ring, m 
of soft iron, and in this ring lies the chief 
virtue of Ader’s invention. The additional 
mass of iron placed near the poles of the 
magnet affords a more ready path for the 
lines of force, and their number is thus 1n- 
creased. The diaphragm, therefore, moves 
in a stronger field of force, and the power of 
the receiver is correspondingly augmented. 
It has been suggested, by eminent English 
authority, that the tendency of telephone 
practice should be toward decreasing rather 
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than increasing the sensitiveness of the 
receiver, as the very delicate receivers are 
more susceptible to the extraneous disturb- 
ances which are so common, especially on 
lines of faulty construction. It would seem, 
however, that this is simply avoiding one 
fault by creating another. The proper rem- 
edy lies in eliminating the disturbances 
rather than in attempting not to notice 
them. 


FAULTS AND HOW TO FIND THEM. 


FAULTS IN REGULATORS. 


Alternate current regulation is never so 
satisfactory as direct current regulation and 
the automatic regulating devices have to be 
adjusted with more care and attended to 
more frequently. 

The best known regulator for alternate 
current machinery is the compounding coil; 
unlike the direct current compounding coil, 
it requires considerable attention. In any 
case, where the magnetism of the field must 
be varied by a loop in series with the line, 
the current impulses in that loop must be 
rectified so that they are allin one direction. 
This requires a commutator. 

One of the most common troubles is the 
extremely rapid falling off in voltage as the 
load comes on, sometimes amounting to as 
much as fifty per cent. of the total. This is 
due to the series field opposing instead of 
helping the exciter. The remedy is very 
simple. Throw the load on to another ma- 
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and the inductance thereof a variable, the 
action of the compounding coil will be so 
unsatisfactory that it is a question whether 
its utility justifies its use. The action of an 
inductive load is to shift the phase of the 
current and it will then be out of step with 
the commutator, or rectifier as it is some- 
times called. The latter will then spark and, 
worse than that, the voltage will not rise as 
it should and may even go down if the lag 
is great. On the readjustment of the 
brushes all will be well again. 

It will be readily seen if the load is a 
rapidly varying one, such as a street railway 
load, the inductance will change so fre- 
quently that the commutator will require 
constant attention. For this trouble there 
is no ready remedy other. than radical 
change of the regulating devices. The dif- 
ficulty is more apparent on multiphase ma- 
chines where a large motor load is frequently 
present. 

A convenient method of compounding an 
alternator is to pass the rectified line current 
through series coils on the exciter field mag- 
net. This has anumber of advantages over 
the usual method. In the first place, it re- 
duces the inductance of the machine asa 
whole, because both less currents and less 
turns suffice to do the compounding. Second, 
the lesser current is more readily rectified 
by the commutator, and should it lag in 
phase from any cause, less sparking will re- 
sult. Moreover, if carefully designed, the 
exciter field may be made very sensitive to 


SE 


REGULATING EXCITER FOR LARGE ALTERNATOR. 


chine for a moment and move the commu- 
tator brushes forward or backward, as may 
be convenient, the width of one of the seg- 
ments. Throw on the load and adjust fora 
position of sparkless running. 

This reverses the series field terminals 
and the current will now traverse them cor- 
rectly. The adjustment just indicated may 
be made without throwing off the load, but 
it is at the expense of burning the commu- 
tor by flashing arcs. If dexterously done, 
however, the damage will be slight. 

If the load of the alternator is inductive, 
such asa rotary transformer or motor load, 


changes in the line current, whereas, with 
a coil on the main field magnets, conflicting 
conditions may prevent the full realization of 
this advantage. 

One of the most satisfactory methods of 
controlling the voltage of an alternator is 
by means of an electro-mechanical regulator. 
The controlling resistance is placed within a 
box and the spindle which operates the con- 
tact arm is connected to a large ratchet 
wheel, which can be driven in either direc- 
tion by suitable pawls oscillating backward 
and forward over the toothed surface of the 
wheel. The pawls are driven by a light belt 
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from the engine shaft or any convenient 
source of power. These pawls are operated, 
each by its own electromagnet, which is 
supplied with current from some source of 
direct current, either a battery or the ex- 
citer. In circuit with these magnets is a 
relay which can so operate its contact that 
it can send current into either of the mag- 
nets. This contact is actuated by a lami- 


nated plunger which works in a coil of fine 


wire. This coil is connected directly across 
the 110-volt mains of a transformer connected 
with the alternator. When the voltage rises, 
contact is made and current is sent through 
the appropriate magnet, which attracts and 
holds its pawl against the regulator wheel 
till the voltage is restored. When the volt- 
age falls, contact is made, sending current to 
the other magnet, and the rheostat resist- 


- ance is again appropriately altered. 


These magnets have the annoying trick of 
sticking fast to their armatures when they 
should not do so. To prevent this, the mag- 
nets should be placed a sufficient distance 
away from the pawls to allow a clearance 
when the latter are pressed against the 
wheel. With large alternators requiring 
large exciting machines, the rheostats are so 
heavy that the pawl-magnets take a great 
deal of current and the arcing at the relay 
interferes with its action. 

This has been obviated by using a small 
dynamo to excite the fields of the exciter, 
the field rheostat of the small dynamo thus 
controlling the voltage of, it may be, a 5000- 
light alternator. Such an arrangement is 
shown in the accompanying illustration. 
The whole controlling appratus may thus be 
small and well built and susceptible of very 
delicate adjustment. A convenient indicator 
to tell whether the indicator is working pro- 
perly is to place in series with each pawl- 
magnet a lamp which serves both as a non- 
inductive resistance to protect the magnet 
from excesive current, and as an indicator 
to tell whether or not that magnet is work- 
ing. By making one lamp green and the 
other red, the station attendant can tell at 
once whether the voltage is too high or too 
low and whether or not the regulator is con- 
trolling it. This device is much used in 
stations employing shunt or alternating cur- 
rent dynamos and is very efficient. 


ELECTRIC RAILWAY APPARATUS. 


THE BONTA BRAKE. 


A new electric railway brake recently per- 
fected, the invention of Mr. A. K. Bonta, of 
the North Hudson County Railway, is en- 
tirely electrical in its action and requires 
only a few additional contacts on the ordi- 
nary controller reversing cylinder. This 
brake contains so much promise that every 
railway man should become thoroughly con- 
versant with it. It is adapted to the K or the 
K2 controller and can be readily installed 
upon either of them. 

The principle, briefly expressed, is to con- 
nect the two motors of the car in such a way 
that one as a dynamo drives its mate in a re- 
verse direction asa motor. In other words, 
the motors are connected to ‘‘buck’’ each 
other. This action will take place whether 
the trolley ison or not, and therefore the 
brake is operative under any conditions 
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when the car is in motion and the motors 
are in good order. 

There are two distinct braking influences. 
First, the back drag of the dynamo, and sec- 
ond, the back torque of the motor. The 
braking action is extremely powerful, so 
much so that the brake is not intended for 
continuous use; but rather for an emergency 
stop. With the brake as now manufactured, 
a little register is connected to the reversing 
spindle which records the number of times 
the brake has been used, and isa check on 
the motorman. 


If the fuse should blow or the trolley come 
off, on an ordinary electric equipment, there 
is stilla recourse at hand even if the brakes 
should fail. Reverse the motors and turn 
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the controller full on, One machine will 
then operate as a dynamo and the other as 
a motor and the car will come to a standstill 
with a jerk. 

If this action were sure to take place 
promptly and with absolute certainty, it 
would. be an admirable emergency stop in 
itself, but unfortunately it is not reliable. 
The motors may build up slowly or they may 
build up together so evenly that there will 
be a momentary dispute between them as to 
which shall be the dynamo and which the 
motor. In an emergency even seconds are 
precious and there must be no delay in a 
struggle for supremacy between the motors, 

The Bonta brake is simply a method of 
connecting the motors so that they will buck 
each other with promptness and certainty. 

In order to connect two machines that nor- 
mally operate as motors in close circuit to 
produce bucking, the terminals of both ar- 
matures must be be reversed. That of the 

A, dynamo, because it will 
not generate unless this 
is done, for although the 
current be reversed in the 
armature it must continue 
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FIG. 2.—CONTROLLER AT FIRST NOTCH. 


the same direction or the machine will kill 
its own field instead of building it up. The 
motor armature terminals must also be re- 
‘versed, for the direction of rotation is to be 
‘backward. 

It is clear then that if the two motors are 
‘thus close circuited on each other, each will 
‘be under exactly the same electrical and 
‘mechanical conditions, and if they build up 
together, there is no reason why one should 
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buck’the other. But ‘this condition is one 
of unstable equilibrium and presently one 
machine will lose its voltage in some degree 
and will immediately become a motor. If 
the connections are made at once, the action 
will take place more quickly, and if the line 
current is properly connected to the system, 
it can be made to strengthen the dynamo 
fleld and tend to weaken the motor field and 
thus accelerate the bucking. 

These connections are accomplished by a 
set of contacts on the reversing cylinder and 
an extra finger which bears upon them when 
the motors are connected to buck. The ar- 
rangement of these contacts is shown in Fig. 
1, the arrangement being the same as on the 
regular General Electric controller diagrams. 
The ground connection of the middle con- 
tact plates is obtained by drilling through 
the spindle and thus grounding on the con- 
troller case. 

The auxiliary finger, which is connected to 
a wire to the middle pole of the three-throw 
cut-out switch in the bottom of the case, 
makes contact with the lowest plate when 
the brake is ‘‘on.’’ 

If we consult a K or K2 controller dia- 
gram, we shall find the condition of affairs 
on the first notch like that shown in Fig. 
2. Both motors are operating as motors and 
are in series with all of the resistance. The 
state of affairs when the brake is on is shown 
in Fig. 3. 

Comparing Fig. 3 with Fig. 2, it will be 
seen that when No. 2 acts asa dynamo, its 
E. M. F. will send a current in the reverse 
direction from the current it has been re- 
ceiving as a motor. This would kill its 
field were not the terminals of that member 
reversed also. 

The motor No. 1 has its armature termi- 
nals reversed also, far it is to rotate in a re- 
verse direction. The connections of the line 
current may now be noted, and it will be 
seen at once that they are such that the cur- 
rent flowing therefrom will strengthen the 
dynamo field and weaken the motor field, 


thus making No. 2 the dynamo beyond all 


dispute. 
The operation is first to throw off the con- 
R, troller and thus release 


the reverse lever; second, 
throw the latter to the 
rear as far as it will go, 
when the connections of 
Fig. 3 will be made. The 


FIG. 3.—BRAKE APPLIED. 


motors will probably buck at once, and this 
action can be accelerated and intensified by 
turning on current by the controller handle. 
The reversing cylinder has two sets of brake 
contacts, so that the brake may be applied 
whether the car is going backward or for- 
ward. From what has been said, it will be 
easy to comprehend how the contacts have 
been made. 
The brake equipment as supplied com- 
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prises a new reversing cylinder with the 
brake contacts, an extra contact finger to 
make the connection to e, and a register 
which is arranged to connect to the revers- 
ing spindle. The old guard that is cast in 
the top of the controller box must be planed 
off, and a new one that is supplied for the 
purpose securely riveted in place. The aux- 
iliary finger must be secured in place and 


FIG. 4.—BONTA BRAKE. 


connected by its lead to Æ, the middle pole 
of the three-throw switch. All of the 
fingers must be bent in a trifle, asthe new 
cylinder is X in. smaller in diameter than 
the old one. The stiffening band in the 
controller cover must be cut away opposite 
the reversing cylinder in order to prevent 
contact with the new plates, and consequent 
short circuit. The rest of the installation is 


easy and obvious. 
—_——_—___ ~+---@___—_—_- 


INTERIOR WIRING. 


THE THREE-WIRE SYSTEM. 


The ideal method of wiring a building by 
the three-wire system consists in complete 
subdivision. By this is meant that of every 
group of lamps, however small, equal num- 
bers are placed on either side of the neutral 
wire. This effectually prevents unbalancing 
of the system except by deliberate intent. 
Unfortunately, like most things desirable, 
this construction is expensive, as it necessi- 
tates the labor and material of running the 
third wire to every group of lamps. It has 
been stated by competent authority to be 
poor engineering to economize on neutral 
copper in buildings, that saving being prefer- 
ably on the street mains, but the expense of 
running a widely subdivided neutral rather 
than the actual cost of the copper raises a 
serious question as to whether the first cost 
is justified by the advantage gained. 

By the use of certain approximations and 
by careful design, practically equivalent re- 
sults may be obtained, and some of these 
will now be discussed. 

In large office buildings there are usually 
on each floor long corridors, from either side 
of which branch small rooms utilized as bus- 
iness offices. This system can be advan- 
tageously wired by running the three wires 
down the length of the corridor and branch- 
ing two-wire systems to the right and left to 
supply the offices. Even this must be done 
with discrimination. If one side of the build- 
ing abut on an adjacent one, as is usually 
the case, that side of the building will be 
dark a much greater portion of the time than 
the other, Therefore a system of wiring as 
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shown in Fig. Iı would be advisable. This 
divides the rooms on the dark and light 


sides of the building equally on either side ~ 


of the three-wire system, and insures an 
equal division of load. By supplementing 
this division by throwing alternate floors on 
either side of the neutral, the load will be 
almost as evenly divided as would be possi- 
ble by the ideal method. 

Corridor lights and public lights that 
burn at definitely known times or continu- 
ously, should be evenly divided between 
the two sides of the circuit. It should not 
be sufficient to alternate the various floors of 
public lights on either side. Each floor 
should be subdivided. There is really no 
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excuse for not doing this, as in most cases 
the neutral wire is very accessible, as it 
usually runs the length of the corridor. 

It is not economical to light large office 
buildings from other sources than an iso- 
lated plant, and therefore all buildings of 
this nature should be installed with regard 
tothe ultimate adoption of this source of 
current. If the two-wire system is to be 
used until the expiration of the three-wire 
patent (1900), the neutral wire should be 
twice the size of the outer mains, for then 
the two outer mains can be connected to- 
gether as one positive, using the neutral as 
a common return. 

In theatres or buildings having large au- 
ditoriums lighted by chandeliers of many 
lights, it is imperative that the lights of 
such fixtures be equally divided between the 
sides of the three-wire system. If the chan- 
delier be subdivided in switch control, the 
switch must be a three wire one if the 
number of lights exceeds ten or fifteen. If 
the number of lights on each switch be less 
than ten, the switches can be two-pole and 
conveniently distributed on either side of the 
neutral. 

In small buildings, especially those be- 
longing to and occupied by one concern, 
the more minute the subdivision the better, 
as such lights are liable to be burned on one 
side of the system to the exclusion of the 
other through perfectly natural causes. 
Care and judgment must be used and the 
actual burning of the lights must be pre- 
dicted in so far as possible, and correspond- 
ing arrangements made. 

In the case of a theatre there are four 
large rows of stage lights—the foot lights, 
the side lights and the lights in the flies. 
The foot lights and the fly lights are used 
separately and should be divided, but the side 
lights are always used together and it will 
be perfectly proper to place one set on one 
side of the neutral and one on the other, for 
they balance each other. 

In electric sign work it is not necessary 
to minutely subdivide each letter, for unless 


special arrangements are made, the whole 
sign is to be used at once. Therefore, a 
good construction would be to place alter- 
nate letters on either side of the system, hav- 
ing due regard of the number of lights that 
go to make upa letter. An I and a U on 
one side would probably balance a B on the 
other. The aim should be to avoid placing 
any one bank of lamps that is liable at any 
time to be used singly, on one side of the 
system. 

Insulation of the wiring, a matter of 
serious care at any time, must be doubly 
reinforced when making a three-wire installa- 
tion. It is the common practice of large 
stations to ground their neutral wire, and 
in some localities it is grounded at every 
street corner. Therefore, every water or 
gas pipe is a dead short circuit of 110 volts 
for either side of the two outer wires. 
Therefore, corresponding care must be used, 
not only because of the fact just cited but 
because the 220 volts require more careful 
insulation than a 110-volt system. In places 
where the neutral wire is not grounded, 
vigilance should not be relaxed, for it is 
liable to be deliberately grounded by station 
men if the system becomes greatly unbal- 
anced or it is grounded by private individuals 
for one purpose or another. The writer has 
known of cases where the neutral wire was 
grounded for convenience in transmitting 
current about the place, one wire being run 
and the current returned through the near- 
est gas or water pipe. 

There is now a practice that is extensively 
used whereby current is distributed at a 
pressure of 220 volts and delivered to a 
building at 110 volts for use on the three- 
wire plan, and this is done without the use 
of a third wire, thus effecting a large saving 
in copper. 

Briefly, this is done by means of what is 
called a balance coil. These are divided 
into two classes, the rotary and the static 
balance coil. The former is for direct and 
the latter for alternate currents. The con- 
struction of these is somewhat complicated 
and must be reserved for another article. 
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KINKS WITH THE STEAM ENGINE IN- 
- DICATOR. 


The indicator, while it is primarily in- 
tended for indicating the performance of an 
engine, can be utilized for a number of other 
purposes and will frequently serve to assist 
an engineer out of a predicament. This 
article will be devoted to some of the special 
employments to which the instrument may 
be put. 

There is a convenient method for measur- 
ing the speed of an engine by the use of the 
indicator which may be exceedingly useful 
in case the speed counter is not at hand, 
asis often the case, and the speed of the 
engine is bigh. 

The indicator being connected to the 
engine at either end of the cylinder, the 
procedure is as follows: Disconnect the 
cord from the reducing rig and take it in 
the hand as shown in Fig. 1. At a given in- 
stant, press the pencil motion against the 
drum, at the same time drawing out the 
cord with the hand, releasing the pencil mo- 
tion after a certain definite time has elapsed. 
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A record such as is shown in Fig. 2 will be 
produced. It is obvious that the number of 
crests to the jagged record indicate the num- 
ber of revolutions that have taken place in 
the interval, and from this the speed of the 
engine can be calculated. 

The engineer who has handled an indi- 
cator but little sometimes finds it difficult to 
appreciate the fact that it may be used with 
advantage in scores of other places about 
the plant than the engine. Oftentimes many 
a ‘“‘ freak ” card may be explained by tak- 
ing a diagram with the indicator tapped 
into the pipe connecting the two cylinders. 
Where a receiver is used, this upplication of 
the indicator would show little or nothing, as 
the pressure in such a receptacle is quite 


FIG. I.—-MEASURING SPEED OF ENGINE. 


constant. In the steam pipe before it enters 
the engine the indicator has been used to de- 
monstrate the necessity for a steam reservoir 
or cushion. A Bourdon gauge attached to a 
shaking steam pipe will be as much affected 
by mechanical jar as by variable pressure, 
but by means of the indicator the momentary 
drop of pressure on admission, or the sudden 


FIG. 2,— ENGINE SPEED CARD. 


use at cut-off due to the inertia of the steam, 
can be shown and measured, and judgment 
can be passed as to whether or not a reser- 
voir will lessen these evils. Indicators can 
be used on steam pumps, applied to either 
the steam or water cylinder, on gas engines 
or any appliance where there is a variable 
pressure to be measured. Care must be al- 


FIG. 3.—ENGINE REGULATING CARD. 


ways taken to anticipate the pressure nearly 
enough to use a spring of properscale. The 
pressure can be recorded with reference to 
any mechanical event by using a suitable 
reducing motion connected to the mechan- 
ism with reference to which the record is to 
be taken. 

Governor cards indicate almost as much 
about the regulation of an engine as do the 
ordinary cards about the events of the 
stroke. Fig. 3 shows such a card. The 
method of obtaining it is as follows: Load 
the engine with some power-consuming de- 
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vice that can be thrown off either instantly 
or gradually, as may be preferred. A dyna- 
mo is very suitable for this purpose. Have 
the indicators ready, the drums oscillating 
and the pencil movement in motion. Let 
there be two men, one to operate the indi- 
cators and the other to manipulate the en- 
gine load. Ata given instant let the load 
be suddenly varied and at the same time 
press the pencil motions of the indicators 
against their drums, having previously taken 
the record with the original load. Hold the 
pencil motion on until the engine seems to 
have attained a steady speed and a record 
similar to that of Fig. 3 will result. 

The card thus taken is significant of many 
things. On it there are two cards which are 
made quite plain by frequent retracing. One 
lies within the other. These are the initial 
and final load cards. The number of com- 
plete cards between these two, or rather, 
other than these two, is the number of com- 
plete revolutions that the engine made be- 
fore it succeeded in readjusting itself to the 
new load. Ona good engine this number 
is very small. l 

The cards serve to show also how the en- 
gine accomplished its speed control, whether 
by legitimate control of the cut-off or by 
varying some of the other events also, the 
latter always being more or less objection- 
able. A governor card loses its value 
as such if the load is gradually varied, for 
the intermediate cards will then indicate a 
gradual and proper control of the steam dis- 
tribution to fit the gradually increasing or 
diminishing load, as the case may be. 

If, however, there are but two loads, a 
maximum initia] load and a minimum final 
one, any card between the two indicative of 
these loads is one of transition and taken 
while the engine was regulating. 

The necessity of being able to take cards 
ata given instant has been shown in the 
foregoing, and this need would be more ap- 
parent in a test on a multiple expansion en- 
gine with two indicators on each cylinder. 
Without such simultaneous record, the result 


would lose much of its value and the cards - 


would certainly not be comparative. This 
simultaneous action can be conveniently 
accomplished by the use of the electromag- 
net. An electromagnet can be so placed 
on each indicator that when the former 
receives current it will press the pencil 
motion against the drum, and on the break- 
ing of the circuit the pencil motion can 
readily be caused to fly back by means of a 
spring. Connecting the magnets of all the 
indicators in series, they will form a circuit 
of high resistance and should be worked hy 
a number of cells in series or by a r1o-volt 
electric light current. 

Ordinary magnets, such as are used on 
electric bells, will answer excellently, and 
five or six of them in series will offer enough 
resistance so that an electric light current 
can be used with safety. It there are only 
one or two magnets they should be protected 
from excessive currents by placing them in 
series with one or more incandescent lamps 
connected in multiple, or else a battery 
should be used. A switch or push button 
gives appropriate control. The application 
of these magnets will be different with differ- 
ent makes of indicators, and it would take 
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too much space to describe them all. A 
little ingenuity will always solve the prob- 
lem. It may be necessary to fasten a metal 
strap to some part of the pencil motion sup- 
port in order to enable the magnet to actuate 
it. Such electro-magnetic mechanisms are 
sold with some indicators as a regular part 
of their equipment. 


ELECTRIC RAILWAY MOTOR CURVES. 


The accompanying diagram gives the 
speed, tractive effort and efficiency curve of 
a G. E.-1000-A electric railway motor, the 
data being as follows: Volts at motor termi- 
nals, 500; diameter of car wheel, 33 ins.; 
windings—armature, 4 turns, field spools, 
143 turns; pinion, 17, gear, 67, ratio, 3.94; 
35 HP output at 65 amperes input; speed (two- 
motor equipment), 25 miles per hour for a 
Io-ton train on a level track. 

The curves are obtained by determining 
from tests, the values of tractive effort and 
speed at the various ampere inputs, plotting 
these values to scale and drawing the curves 


t 
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examining the curve, which reaches 83 per 
cent. at 40 amperes input, when the motor 
is running 12 miles per hour. 

The formula for horse-power given above 
may be conveniently reduced to the fol- 
lowing expression: 

Horse-power = (Tractive effort, lbs.) X (m. p. h.) 
- 37-5 

The tractive effort required to drive a train 
on level track in good condition, at speeds 
not exceeding 25 miles per hour, may be 
taken as 20 lbs. per ton for ro-ton train; 15 
lbs. per ton for 30-ton train; Io lbs. per ton 
for 6o-ton train. These figures will vary 
considerably, depending upon speed and 
condition of track. 

Another example will perhaps best show 
the practical value of the curves. Assume 
an ordinary car weighing 10 tons complete 
and equipped with two G. E.-1000-A motors. 
The tractive effort required to drive the car 
on the level will be about 20 Ibs. per ton, 
due to track friction; that is, for a 10-ton car, 
200 lbs. If the car is ascending a 4 per 
cent. grade, the additional effort required to 
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through the points thus obtained. The effi- 
ciency curve is drawn from values obtained 
by considering the actual tractive effort and 
speed, and comparing these with the values 
which would be obtained if there were no 
losses. The input in electrical horse-power 
of a motor is the product of amperes and 
volts input divided by 746; the mechanical 
horse-power output is found by multiplying 
the tractive effort in pounds by the speed in 
feet per hour and dividing by 1,980,000, the 
value of a horse-power hour in foot pounds. 
For example the G. E.-1000-A has at 65 am- 
peres a tractive effort of 1050 Ibs. and a speed 
of 12.5 miles per hour. 

(1050 tractive So % ( ee pani per gee - 
(33,000 ft.lbs. per min.) X (60 min. in hour) 
The electrical horse-power input required to 
produce the above is 


(65 amperes) X (Soo volts) L 43.5 HP. 
746 watts. 


Hence the efficiency at this point is ot 
a: 


8o per cent. 
The maximum efficiency of the motor is, 
however, higher{thanfthisas will be“seen by 


lift the car up the grade will be 4 per 
cent of the weight of the car, or 800 lbs. The 
motors on a4percent. grade must there- 
fore exert a tractive effort of 1000 lbs. to 
overcome both the grade and the track fric- 
tion, each of the motors doing one-half of — 
the work, or 500 lbs. By referring to the 
curve, we find that at'a tractive effort of 500 
Ibs. each motor requires 37 amperes input 
and the car is running at 15% miles per 
hour. 
—_——_4-- o 


Transformer Explosions. 


An English clergyman, in a letter to the 
London Times, complains of the danger 
from ‘‘transformer explosions,” which, he 
says, are caused by water flooding trans- 
former stations. After narrating a recent 
narrow escape from such a danger, he reports 
that, ‘‘ Not long ago there was an explosion 
near here, on Ludgate Hill, and there have 
been, and, I fear, are likely to be, similar 
explosions. Surely it is a fearful risk allow- 
ing these transformer stations to be in public 
thoroughfares’? ! 
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A BIOGRAPHICAL HISTORY OF 
ELECTRICITY. 


The announcement by Volta, published 
June 26, 1800, of his discovery of the prin- 
ciples of the voltaic cell, produced a pro- 
found sensation throughout Euope, and 
led to the subject being everywhere taken 
up for investigation. Nicholson and Car- 
lisle, two English scientists, on May 2 of 
the same year decomposed water by means 
of an electric current produced by a Volta 
pile, which experiment was, says Davy, 
‘the true origin of all done in electro- 
chemical science,” and most probably led 
him to take up the work which has ren- 
dered his name so illustrious. Cruikshank 
the same year confirmed this discovery, and 
also made the further one that a current 
passed through a litmus solution causes acid 
to appear at one electrode and an alkali at 
another. 

In 1801 Volta described in a paper to the 
French Institute, his ‘‘crown of 
cupe” battery, consisting of pairs of 
plates of different metals, each pair 
being immersed in a glass of acidu- 
lated water, and the different cells 
thus formed united in series. The 
same year Cruikshank devised a form 
of battery in which zinc and copper 
plates soldered together served as 
partitions in a box or trough, dilute 
sulphuric acid filling the compart- 
ments thus formed. Dr. William 
Babington somewhat later improved 
upon this by using partitions of in- 
sulating material and attaching the 
plates to a strip of wood, by means 
of which they could be lowered into 
or removed from the electrolyte at 
will, thus first giving the voltaic bat- 
tery a practical form and one which 
still survives in the plunge battery. 
It is with this form of battery that 
Davy performed all but the earliest of 
his experiments. 

Sir Humphry Davy was the first to 
obtain fame from Volta’s great dis- 
covery—not, however, as popularly 
supposed, by the discovery of the arc light, 
which he does not appear to have claimed 
_ and whose phenomena had apparently only 
an incidental interest to him, but as the 
founder of the science of electro-chemistry 
and through his experiments in that branch. 

Sir Humphry Davy (1778-1829) was born 
at Penzance, Cornwall, of an old family, 
but in reduced circumstances. He had the 
advantage of no thorough school education, 
but fortunately at an early age was taken in 
hand by a Quaker, Robert Donkin, who, 
though a saddler by occupation, was passion- 
ately fond of scientific experimentation and 
had accumulated a considerable collec- 
tion of philosophical apparatus. Appreciat- 
ing the talent of the youth, he instructed 
him in the rudiments of natural science. 
The lad soon developed a talent for original 
experiment, with results in the way of ex- 
plosions not always agreeable to his Quaker 
patron, in the garret of whose house the boy 
was accustomed to experiment. 

After serving an uncongenial apprentice- 
ship of three years with a surgeon, young 
Davy, who had acquired a considerable local 
reputation through his scientific gifts, ac- 


AMERICAN ELECTRICIAN. 


cepted a position in a scientific institution at 
Bristol, and at once started on the work 
which was destined to make him famous. 
Contributions to scientific publications suc- 
ceeded each other in rapid succession and 
his name quickly became well known in 
British scientific circles. Finally, in 1801, 
when twenty-three years of age, he accepted 
from Count Rumford a position in the 
Royal Institution (founded two years pre- 
viously by Rumford) as ‘‘assistant lecturer 
of chemistry, director of the chemical labor- 
atory and assistant editor of the Institution 
journals.” 

There are a number of points of resem- 
blance between the careers of the Cornish 
natural philosopher, and the Yankee clerk, 
schoolmaster and royalist—Sir Benjamin 
Thompson of the British Baronetcy, Count 
Rumford of the Holy Roman Empire, 
and constituting with Franklin and Henry, 
a trio of Americans whose scientific 
genius has thus far stood unrivaled. 


SIR HUMPHRY DAVY. 


Neither had any but the most meagre 
school education and yetat an early age both 
found themselves undisputed leaders in the 
scientific world and welcome guests in the 


highest aristocratic circles. Both were mar- 
ried unhappily, Rumford at the age of 19 to 
a wealthy New England woman 14 years his 
senior, whose money enabled him to start 
on his career of fame, but whom he never 
saw nor cared to see after he left America 
three years later; and Davy, after being 
knighted, to a wealthy and brilliant woman 
of the world who apparently cared but for 
the glory reflected upon the name. Pros- 
perity also affected the character of both un- 
favorably, Davy becoming painfully con- 
scious of his exalted social status, while 
Rumford’s arrogance in his latter years was 
the cause of much unhappiness to himself. 

Davy’s success at the Royal Institution 
was immediate. His lectures were followed 
by brilliant audiences and the youthful 
scientist became a social lion. He was 
elected a member of the Royal Society in 
1803, became its secretary in 1806 and suc- 
ceeded Sir Joseph Banks, the friend of Volta, 
as president in 1820. In 1812 he received 
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the honor of knighthood and in 1820 was 
elevated to a baronetcy. Not the least of 
Davy’s great claims on posterity was his 
discovery of Faraday and the recognition of 
his talent by an appointment as an assistant 
in the Royal Institution laboratory. 

Davy’s real fame rests almost entirely upon 
his invention. of the miner’s safety lamp and 
his work as a chemist, particularly with re- 
spect to electro-chemistry. His great elec- 
tro-chemical discovery was that of the 
metallic basis of the so-called fixed alkalies, 
which he separated by electrolysis, the 
metals sodium and potassium being thus 
first isolated in his earlier work in this 
line. Afterwards he extended his researches 
to the other alkalis. Davy also gave some 
attention, particularly in earlier years, to 
the theory of the voltaic cell, and strongly 
supported the chemical explanation of its 
action as opposed to the Volta contact 
theory. It is erroneously stated that he was 
the first to show that voltaic action may be 

obtained from a single metal in 

contact with two liquids, as Volta 
established this fact in his controversy 
- with Galvani. 

In 1820, Davy independently dis- 
covered the magnetizing effect of the 
electric current on steel and iron, and 
a year later described how the electric 
arc may be deflected by a magnet. In 
1823, he was called upon to prescribe 
a remedy for the corrosion to which | 
the copper sheathing of ships is sub- 
ject, and suggested changing the 
electrical condition by connecting 
plates of iron or zinc to the copper, 
thereby transferring the corrosive 
effect to the former. The remedy, 
however, brought about a condition 
worse than the original one, since 
sea growths no longer dropped off and 
the bottoms thus became fouled. The 
theory thus laid down was fifty years 
later applied to the protection of boil- 
ers from corrosion, the results of 
which, after a trial of a quarter centu- 
ry, being negative. 

As early as 1800 Davy produced 
sparks between carbon rods, both in air and 
in water, and Tyndall states that in 1801 or 
1802, he showed the ‘‘ carbon light” with a 
battery of 150 pairs of plates, but this was 
probably not a sustained arc. In July, 1808, 
the Royal Institution was presented, for the 
purpose of furthering Davy’s experiments, 
with a plunge battery consisting of 2000 pairs 
of zinc and copper plates, the battery costing 
the donors £1000. The plates were each 
4 ins. square and formed 200 cells of 10 
pairs each. The solution consisted of a 
mixture of 1168 parts water, 108 parts ni- 
trous acid and 25 parts sulphuric acid. Davy 
experimented the next year on the occasion 
of his lectures with this battery, showing 
the electric arc, which phenomenon, how- 
ever, he incidentally described the year be- 
fore in a lecture detailing some electro- 
chemical experiments made with carbon in 
its several different forms. Davy, in fact, 
never appears to have claimed to be the first 
to produce either the carbon spark or the 
electric arc. His brilliant public experiments 
with the latter, which were witnessed by 
great audiences, apparently gave him that 
popular reputation, 
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PRINCIPLES OF QUICK-WORKING ELECTRO- 
MAGNETS. 


In a preceding article it has been shown 
that: 

1°, Asteady current flowing ina coil or 
loop is accompanied by a number of lines of 
force fixed by the ampere-turns (the pro- 
duct of the strength of current and number 
of turns of the coil), and by the reluctance 
or magnetic resistance of the path of such 
lines, this latter factor being dependent on 
the shape and dimensions of such path and 
its magnetic quality. In the case of a 
transformer, this path or magnetic circuit is 
entirely in iron; in the case of a dynamo it 
is partly in iron and partly in air, and in the 
case of an air line, entirely in air (neglect- 
ing the small part in the copper of the con- 
ductors). In a grounded circuit, such as 
employed in telegraphy, the earth forms one 
side of the loop. 

2°. When the current ina coil increases 
or decreases, lines of force are cut in or cut 
out of the coil, such cutting generating an 
E. M. F. in the same manner as when, for 
example, the moving conductor of a dyna- 
mo cuts the lines inthe air gap of the dyna- 
mo field. Thus, ifa constant E. M. F. is 
introduced into a closed circuit, the lines of 
force accompanying the current thereby set 
up generate, in cutting into the circuit, an in- 
ductive E. M. F. whose current opposes that 
due tothe impressed E. M. F., so that the 
latter does not at once reach its normal value; 
if a constant E. M. F. is withdrawn from a 
closed circuit, the lines of force which ac- 
companied the current due to such E. M. F. 
generate, in cutting out of the circuit, an in- 
ductive E. M. F. whose current flows in the 
same direction as the original current, the 
latter therefore not ceasing abruptly, but 
dying out gradually. 

3°. The amount of the inductive E. M. F. 
depends, in a given magnetic circuit and with 
a given number of impressed lines of force 
(for instance, of a magnet of given working 
strength), on the number of turns in the 
coil; and the amount of inductive current, 
in addition, upon the resistance of the cir- 
cuit in which it flows. 

The above principles are directly applicable 
toa number of interesting problems. For 
example, when one or both of the brushes 
of ashunt or compound dynamo is lifted, 
the case is presented of a sudden removal 
of an impressed E. M. F.; and when 
the circuit of an electromagnet is closed, 
that of the sudden introduction of an im- 
pressed E. M. F. By the use of a formula 
somewhat similar to that of Ohm’s law, the 
consequence in either of the above cases can 
be calculated. 

We will suppose the self-inductance of a 
magnet to be known—that is, the inductive 
E. M. F. in voltsthat would result if the cur- 
rent in the magnet should in one second’ be 
made to increase or decrease by one ampere. 
Denoting this by Z, and the resistance in 
circuit by Æ, we have, for the time in which 
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_ the increasing or decreasing current will 


reach any given fraction of its normal value, 
the formula 


(1) 


where & is a constant that may be taken 
from one or the other of the accompanying 
tables. Table I. refers to the case where an 
E. M. F. is removed from a circuit, and 
Table II. to the case of a make-circuit. 


Time in seconds = - X k, 


TABLE I.—VALUES OF &—E. M. F. REMOVED. 


FRACTION OF NORMAL CURRENT, IN TENTHS. 


TABLE II.—VALUE OF &-E. M. F. INTRO- 
DUCED. 


FRACTION OF NORMAL CURRENT, IN TENTHS. 


As an example, let us take the case of a 
certain 35-KW shunt dynamo having a shunt 
resistance of 17 ohms anda self-inductance 
of about 34 henrys. By applying the formula 
and the corresponding constants from Table 
I., it will be seen that if, for instance, a 
brush were lifted from the commutator, it 
would take 1.4 seconds for the shunt 
current to fall to half of its normal value, 
and 4.6 seconds for it to drop to one- 
tenth of normal. In other words the shunt 
coils act as generators of E. M. F. and cur- 
rent for an appreciable period after being 
cut-off from an impressed E. M. F., the 
current passing, in this case, through the 
shunt and exterior circuit ; as the resistance 
of the latter is small compared with that of 
the shunt, it need not enter into the formula. 

Since in the case of electromagnets, the 
armature is released by the circuit being 
broken, the value of # in the formula be- 
comes infinite (unless there is a following 
spark) and the time of release is infinitely 
small, considering inductance alone. In 
making ‘circuit, however, the case is dif- 
ferent, and corresponds to that of an im- 
pressed E. M. F. suddenly introduced in 
the circuit, and which can only establish its 
current gradually. 

Let us now see what practical considera- 
tions we can deduce from the above princi- 
ples with respect to the quick-working elec- 
tromagnets. We will assume, in the first 
place, that we have a magnet which we 
know to be of the proper strength for our 
purpose when supplied with a given current; 
and, furthermore, that we know the number 
of turns inthe coil. No matter what changes 
are made in the windings and current, if the 
ampere-turns remain the same, the magnet 
will always have the same strength. 

As we only desire comparative results, 
formula (1) may, under the above assump- 
tions, be simplified for this purpose to the 


L 
form 7 =p in which case the time, 7, 


corresponds to a value of current on make- 

circuit of about 5¢ of the normal value. 
Suppose that each spool of the magnet has 

a resistance of 20 ohms and 1000 turns of 
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wire, and that a current of ẹ ampere will 
give the magnet sufficient strength for the 
purpose for which it is intended. The num- 
ber of ampere turns is, therefore, 50 for each 
spool. Also assume that the inductance of 
each leg of the magnet is 2 henrys, and that 
the resistance in the exterior circuit is 5 
ohms and non-inductive—the resistance, for 
example, of a primary battery supplying 
current. 

1°. The two spools are in series (Fig. 1). 


Am. Eles 
FIG. I.—MAGNET SPOOLS IN SERIES. 


In this case 7 becomes 4 — 45=.088. In- 
troducing now a non-inductive resistance in 
circuit of 20 ohms (Fig. 2), Z becomes 
4 ~ 65 = .061, or the magnet is made quicker 
working through introducing resistance. 

2°. The two spools are in parallel ( Fig. 3). 


FIG. 2.—MAGNKT SPOOL, IN SERIES, 20 OHMS 
ADDED TO CIRCUIT. 


In this case, in order for the magnets to re- 
tain the same strength, the current will have 
to be doubled, and becomes ;4, ampere in the 
exterior circuit. As the two coils are now 
in parallel, their inductive E. M. Fs. act as 
in the case of two voltaic cells in parallel, 
and only the value of one coil, or 2 henrys, 
enters into the formula. The resistance of the 
two spools in parallel becomes only half of 


Am. Elee. 
FIG. 3.—MAGNET SPOOLS IN PARALLEL. 


one spool or 1oohms, The value of 7 is,there- 
fore, 2 — 15 = .13, or the magnet has been 
made slower-working by coupling in parai- 
lel. Introducing now 20 ohms (Fig. 4) of 
non-inductive resistance in the exterior cir- 
cuit, 7 becomes 2— 35 = .056, or the magnet 
is quicker-working than in any of the cases 
thus far considered. 

Let us now strip one-half the wire off each 


20 ohms 


Am. Flee, 
FIG. 4.—MAGNET SPOOLS IN PARALLEL, 20 


OHMS ADDED. 


spool and determine the result. The conse- 
quence of this will be that, to retain the 
proper strength, twice the current must be 
used, or 7, ampere when the spools are in 
series, and 4 when in parallel. Since now 
the lines of force of the magnet (which, 
since the ampere-turns remain the same, are 
unchanged in number) have to cut through 
only half the number of turns as before, the 
inductive E. M. F. generated, the inductance 
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will be but half as great, or 1 henry. We 
will now repeat the above calculations with 
the new data. 

3°. The two spools are in series (Fig. 5). 
The inductance being 1 + I = 2, and the re- 
sistance 10+ 10+ 5= 25 ohms, 7 becomes 
2 — 25 = .08, or more than in 1°. With 20 
ohms introduced ( Fig.6), we get 2.-- 45=.044, 
or less than in either 1° or 2°. 

4°. The two spools are in parallel. The 
inductance being 1 and the resistance Io + 2 
and 5, or 10 ohms, we have 7 = .1, or more 
than when in series. With the 20 ohms ex- 


10 ohms 


Am. Elec. 


FIG. 5.—MAGNET SPOOLS, HALF WINDING IN 
SERIKS. 


terior resistance, 7 becomes 1 — 30 = .033, 
or less than in any other case considered. 
From the above it will be seen that the 
best winding to give a quick-working mag- 
net depends upon the relation between the 


exterior and magnet resistances, but that in | 


any case a magnet may be made quicker- 


10 ohms 


10 ohms 


5 ohms 20 ohms 


Am. Ele 
FIG. 6.—MAGNET SPOOLS, HALF WINDING, 
IN SERIES, 20 OHMS ADDED. 


working by introducing in circuit non-in- 
ductive resistance, the E. M. F. in circuit 
being correspondingly increased that the cur- 
rent may be unchanged. It will also be seen 
that if the external resistance is negligible in 
comparison with the resistance of the mag- 
nets, no change of connection or reduction of 
turns will make the magnet slower-working. 


10 ohms 


Am. Elie. 


FIG. 7.—MAGNET SPOOLS, HALF WINDING, 
IN PARALLEL. 


By assigning different values in the cases 
above calculated, it will be found that a 
magnet will be quicker working if connected 
in series, when the resistance of one of its 
Spools is greater than that of the external 
circuit; or in parallel, if such resistance is 
less than that of the external circuit. In 
any case, it will be instructive to give differ- 


Am.£lee. 
FIG. 8.—MAGNET SPOOLS, HALF WINDING, 
20 OHMS ADDED. 


ent values to the quantities in the several 
cases, and to calculate the actual time re- 
quired for the current to reach some certain 
fraction of its value, as determined by the 
constant taken from Table II. If the in- 
ductance data of any magnet are at hand, 
that value should be taken which corre- 
sponds to the armature drawn back. 
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The conclusions that may be drawn from 
the above are, that the windings of quick- 
working magnets should have the smallest 
possible number of turns, which implies 
that the working current should be the larg- 
est practically possible. To find the number 
of turns, place a trial winding of a known 
number of turns on the cores and find the 
value of current which gives the magnet the 
necessary pulling strength, and thus obtain 
the ampere turns. Then select the largest 
practicable value of current that can be used, 
and divide the ampere turns by the value of 
this current, which will give the number of 
turns, The trial winding should be con- 
nected in series and also the final winding; 
if the resistance of one spool of the latter is 
less than the external resistance, put suffi- 
cient non-inductive resistance in the latter 
circuit to bring about the opposite results. 

To complete the main principles applying 
in the design of quick-working magnets, 
eddy currents and hysteresis should be con- 
sidered. Eddy currents are similar to the 
secondary current of a transformer, from 
which it follows that their lines of force act 
against those of the impressed current, and 
therefore make a magnet slower-working. 
To obviate this effect, the core should be 
laminated or made of fine soft iron wires. 

If hysteresis, as is sometimes said, also 
affects the quick working of magnets, the 
amount may be reduced by selecting iron of 
good hysteretic quality, and, possibly by, re- 
ducing its weight. To accomplish the latter, 
since the cross-section of the core is fixed, 
the length must therefore be shortened. As 
experience has appeared to show that short 
magnets are best for quick-working pur- 
poses, this indication should be followed 
even if not true with respect to hysteresis, 
since no bad effect can thereby be introduced. 
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Early Vicissitudes of the Telegraph. 


The Engineer-in-Chief of the Belgian Tel- 
egraph department in a recent address at the 
jubilee of the Belgian telegraph service rela- 
ted some interesting anecdotes concerning 
the early history of the telegraph. When 
Francis Ronald—afterwards Sir Francis—in- 
vited, in 1816, ahigh English government offi- 
cial to witness some experiments with his sta- 
tic electric telegraph, he received a reply as 
follows: ‘‘ Mr. Barrow begs to inform Mr. 
Ronald that telegraphs of any kind are quite 
useless, and that no other than the one in 
use will be adopted’’ —the one in use being 
the Chappé semaphore! When a plan fora 
semaphore telegraph was submitted to the 
Belgian government in 1840, it was rejected 
on the ground that its use would encourage 
stock exchange gambling, while ‘‘Com- 
merce has no need of it, the restricted limits 
of the country. and the increased facilities 
offered by the railways, moreover, render its 
establishment useless.” When the bill ap- 
propriating money for the trial of the Morse 
electromagnetic telegraph was passed by Con- 
gress in 1843, the assistant to the Postmaster- 
General, Hon. John A. Bryan, wrote as follows 
toa member of Congress: ‘‘There isan abom- 
inable plot to ruin me. Would you believe, 
my chief has associated me with Morse’s 
mad schemes, by intrusting me with the 
control of the $30,000 voted.”’ 


Wimshurst Influence Machine. 


I have just completed a Wimshurst ma- 
chine similar to that described in the Novem- 
ber number of the AMERICAN ELECTRICIAN, 
and I find that it will give a torrent of one- 
half-inch sparks without a condenser and 
that by using a mica flat condenser I have 
readily attained three inches. Inasmuch as 
the article states a two-inch spark,may I ask 
whether a condenser was supposed to be 
used in connection with the machine or not? 
If the condenser was to be used, the esti- 
mate was moderate, and if not it was far too 
large, or else I have made some mistake in 
construction. I have a specially made 
Crookes tube which the machine excites 
brilliantly, but I can obtain no X-rays. This 
I account for because I have simply termi- 
nals of straight wire and no reflector plate 
on the anode. The machine performs with 
ease all of the experiments common to any 
school physics. STATIC. 

[The machine was intended to be used with 
a condenser in order to obtain a two-inch 
spark. It was an error of omission in the 
article that gave the other impression.—Ed. 


—_____—<---@—_____— 


A Novel Way to True Commutators. 


If you have a rough commutator that 
makes the brushes spark and you do not 
want to take the armature out to turn the 
commutator off, get a piece of a grindstone, 
file off the lumps and then take the stone 
and press down on the commutator firmly. 
Be careful not to move it until a circle is 
worn in the stone, then work it back and 
forth from end to end of the commutator 
and continue grinding until the surface is 
smooth. Finally finish with No. 1 sand- 
paper and oil. Never use emery paper. 
You will have as the result of the above 
operation a commutator smoother than you 
can turn it in a lathe, T. L. LYNCH. 


E, e 


A Power House Accident. 


I happened to be standing in a position in 
a street railway generating station one morn- 
ing where I could see the switchboard, dyna- 
moand engine all at one glance, when, with- 
out any warning, the entire machinery shut 
down, the hand of the ammeters standing at 
zero. There had been no sparking at the 
dynamo brushes, as there would have been 
in case of a short circuit. I closed the 
throttle and ran into the the fire room to see 
if any of the firemen had closed a valve in 
the steam pipe, but found them reading 
newspapers. I then went back and tried to 
start the engine, but it would barely turn 
over. Next I took off the steam chest cover 
and found the valve all right. Taking out 
the valve, and opening the throtle, a full 
head of steam was found at the engine. 
Putting the valve and cover back, the cylin- 
der head was taken off and the cylinder 
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found to be badly cut. The day engineer 
said the night shift had fitted a new set of 
rings to the piston (single rings), and that 
he had a great deal of trouble getting the 
piston in the cylinder. I had the piston 
moved to the end of the stroke and the 
cylinder mopped with powdered graph- 
ite and oil. Upon replacing the cylinder 
head and turning on steam, the engine 
started up at once and ran allright. The 
trouble was that the piston rings were too 
long, and when the engineer forced the pis- 
ton in, the rings jarred and started cutting. 
H. S. HALL. 
——eoe 


The Care of Commnotators. 


A rapidly spreading fallacy concerning 
the treatment of commutators is the theory 
that dressing them down with fine emery 
cloth and then rubbing them with an oily 
rag is the most efficacious means of keeping 
them in good condition. If ‘‘ good condi- 
tion’’ means the ability to furnish without 
notice a pyrotechnical display appropriate 
for the Fourth of July, then the emery and 
oil are all right, but I imagine no engineer 
who has been unwary enough to try it once 
ever repeated the experiment. 

The best practice that the writer was 
ever able to discover was the use of oo sand- 
paper, tacked to a piece of board exactly 
the width of the commutator face; this 
should be pressed on the commutator for 
half a minute each time a machine is started 
(or once every 24 hours in the case of con- 
tinuously-operated machines), with the 
brushes raised; the commutator should then 
be wiped thoroughly with an absolutely dry 
rag to remove the particles, cut off by the 
sand paper, which stick to the insulation be- 
tween the segments. When the application 
of a clean bristle brush (a common flat paint 
brush) fails to show evidence of loose parti- 


cles, then the commutator should be touched 


with a slightly oily but otherwise clean rag, 
and again wiped with a dry, clean rag. 
Then, and not until then, the brushes may 
be put down and the machine put in circuit. 

The use of dirty, greasy cotton waste or 
rags for wiping a commutator is reprehensi- 
ble, and the idea that emery cloth is bene- 
ficial is most absurd; the particles of emery, 
with particles of copper, become embedded 
in the insulating strips and not only cut the 
brushes out and cause vicious sparking, but 
in a short time attain such proportions as 
to form a disastrous short circuit. The com- 
bination of oil with the emery simply ag- 
gravates the resultant troubles enormously, 
forming a sort of paste which accumulates 
much more rapidly than the dry emery and 
copper partieles and makes a more substan- 
tial bridge across from bar to bar. 

The practice above recommended effectu- 
ally removes the small brush cuttings which 
inevitably attend the use of copper brushes, 
and the burned particles of carbon which re- 
sult from the use of carbon brushes; the 
commutator is, therefore, kept in clean con- 
dition, and the operation of the machine is 
greatly improved, the infinitesimal bits of 
copper, burnt carbon and insulation being 
removed before they can accumulate suf- 
ficiently to cause sparking and the cutting 
of both commutator and brushes. 

CECIL P. POOLE. 


79. Why are machines overcompounded ? 


In order to keep the voltage constant at 
some point at a distance from the dynamo. 
The machine is adjusted so that the series 
coil strengthens the field and thereby raises 
the voltage enough to compensate for that 
lost on the line, as well as for that lost in the 
machine. 


80. What ts meant by “‘short-shunt”’ com- 
pound dynamos? 


In short-shunt dynamos, one terminal of 


SERIES 


SHUNT 
FIELD 


LONG SHUNT DYNANO 
I AND 2. 


SHORT SHUNT DYNAMO 
FIGS. 


the shunt field coil is connected between the 
armature and the series coil, as indicated in 
Fig. I. 


8r. What is meant by “ long-shunt"’ com- 
pound dynamos? 


In long-shunt dynamos, the terminals of 
the shunt field coil are connected to the out- 
side terminals of the machine, as indicated in 
Fig. 2. 


82. What are the relative advantages of 
long-shunt and short-shunt dynamos? 


Practically there is very little difference 
between them since the drop in voltage 
through the series coil is very small. If the 
machine is to give constant voltage at its 
terminals or at the bus-bars at the switch- 
board, it is somewhat simpler to calculate 
the number of turns of wire necessary for 
the series coil if the shunt coil is connected 
with the terminals and so gets a constant 
current. Again, when several machines are 
operated in multiple, if they are connected 
long-shunt, the shunt field coils may be 
connected directly to the bus-bars at the 
switchboard and so the field of one machine 
may be magnetized by those already running. 
This enables one to get a machine ready for 
service more quickly than when it must pick 
up by itself. It also insures that the polarity 
of the fresh machine is not reversed. 


83. How are compound dynamos coupled 
to work in multiple? 


Compound machines act very much like 
shunt machines and in general the explana- 
tions in the Catechism for October ( AMERI- 
CAN ELECTRICIAN, October, 1896, page 216) 
hold good for compound machines. With 
compound machines it is necassary to have 
an extra bus-bar or conductor making a com- 
mon connection for all the machines between 
the series coils and the armatures, as indi- 
cated in Fig. 3. 


small as practicible. 
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84. Why ts the equalizer necessary with 
compound machines? 

It is to help divide the load more evenly 
among the different machines. If the ma- 
chines were coupled directly in parallel, the 
current from each armature would go through 
its own series field coil. Thus it might hap- 
pen that when the load was increased, if 
one machine was a little more sensitive than 
the others, it would take more than its fair. 
share of the load; this extra current through 
its series coil would strengthen its field and 
cause it to generate still more and more cur- 
rent until its belt would slip or its fuse would 
blow and open the circuit. The load would 
thus fail to divide equally and the operator 
would have to adjust the rheostats and 
brushes. 


85. How does the equalizer help balance 
the load? 

By coupling all of the machines to the 
equalizer so that all have a common connec- 
tion between the armature and the series 
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FIG. 3.—PARALLEL EQUALIZER CONNEC- 
TIONS. 


coils, the currents from all the armatures 
unite and then divide among the different ` 
series coils. By this means, if one armature 
tends to deliver more than its proportion of 
the whole current, it strengthens the cur- 
rentin the series coils of all the machines 
and not its own alone. On the other hand 
if one machine tends to shirk its load, some 
of the current from the other machines goes 
through its series coil and strengthens its 
field so that it delivers more current. 


86. How large conductors should be used 
Jor the equalizer? 

Strictly the equalizer bar or bus should 
have no resistance, but since it is impossible 
to avoid all resistance this should be as 
Sometimes the equali- 
zer connections for all the dynamos are run 
to a common point, so that there is no 
equalizer bus. The rule for determining 
the sizes of the equalizer connections is to 
make the resistance from the equalizer bar 
through the series field coil to the bus-bar 
such that each series coil shall carry the 
same share of the load, that its armature 
should carry. In practice it is frequently 
necessary to connect an adjustable resist- 
ance in parallel or in series with the series 
coil. 


Do the above directions apply to alternators 
for supplying incandescent lamps ? 


No. All the directions and explanations 
given in this catechism up to this point 
have referred to continuous current ma- 
chines. Alternators will be taken up after 
studying compound-wound continuous-cur 
rent dynamos. 
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odd number of slots and commutator KERES A 


Because the winding is of the two-circuit 
kind, known as wave winding. (See Fig. 8 
in the article on “ Modern Armature Wind- 
ings,” which appeared in our August issue.) 

What isthe principle of the three-wire alternating 


current transformer, and is it as practical and effi- 
cient as the two-wire type? D. S. 


A three-wire transformer is an ordinary 
transformer with a third wire led from the 
middle point of the secondary winding; the 
former is therefore just as practical and efħ- 
cient as the latter. 

Can two T.-H. arc machines be coupled in series? 


In this case will each coil be subjected to double 
the voltage? E. F.G. 


Any number of arc machines may be 
coupled in series; each machine will operate 
precisely as if alone in circuit, and have no 
greater voltage in its coils. There will, 
however, be more danger to the insulation 
if the circuit is suddenly opened, on account 
of the greater inductance. 

I can get a shock from the pole pieces, shaft and 


commutator of my dynamo when in operation; 
what test should I apply to find the ground? T. J. P. 


Test with a magneto both when the dy- 
namo is not running and when in operation. 
The magneto should not ring through over 
5000 ohms, as the ground may not be suff- 
cient to cause trouble, but yet give a shock. 
If a ground is made evident, test separately 
the fields, distributing circuit, armature and 
binding post and brush connections. 


What is the magnetic density per square inch in 
modern armature and field magnet cores? F. W. 


The density in continuous current arma- 
ture cores ranges from 80,000 to 95,000 lines 
per square inch; in alternator armature cores 
it ranges from 33,000 to 38,000 lines. In 
cast iron magnet cores the density is from 
38,000 to 45,000 lines; wrought iron and cast 
steel cores are worked at densities of from 
65,000 to 80,000 lines per square inch. 

How can I make a converter to transform a 35- 
ampere 35-volt direct current to a 110-volt direct 
current? R. L. 

Such a converter would either be a 35-volt 
35-ampere motor running a 110 volt, one 
kilowatt dynamo, ora machine having the 
two windings on the same armature with a 
single field—called a dynamotor or rotary 
transformer. It would be much cheaper to 
buy such a machine than to make it. They 
are largely used for telegraphic work, and 
one American firm makes a specialty of their 
manufacture. 


What is the charging current of a storage cell, 
and how can I tell when it is fully charged. ? 


The charging current depends upon the 
area of the positive plates, counting both 
sides, and should be about I ampere per 30 
square inches of positive plate surface. The 
capacity is about 5 or 6 ampere-hours per 
pound of lead plates. A cell is fully charged 
when the acid ‘‘boils.’? As soon as boiling 
commences, reduce the charge, and cease 
charging when the electrolyte continues to 
“ boil” with a small charge. See article by 
Maurice Barnett in November issue, 
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1°, Would not a glass tube do as well as one of 
rubber for the induction coil described in the May 
number? 2°. Isit not preferable to have an induction 
coil immersed in oil; if so, what oil would you 
recom mend? N. T. In 

1°. Glass will do as well, but it is too fragile. 
2°. If oil is used, a light paraffine oil is pre- 
ferable. Recent experiments with induc- 
tion coils seem to show that the space be- 
tween the primary and secondary coils may 
be greatly increased. In one case the sec- 
ondary wire was reduced in the center of its 
bobbins to make room for one-half inch ex- 
tra paraffine insulation, and yet the spark was 
largely increased. 

What is the formula for determining the current 
that will melt copper wire? R.C. 


Hospitalier gives the formula C = 80 d? , 
where the diameter, d, is expressed in milli- 
meters. This reduces to C = .325 dî when 
the diameter is expressed in mils or thou- 
sandths of an inch. This formula gives for 
the melting currents of Nos. 10, 16, 22, 24 
and 30 copper wire, 333, 117, 41, 29 and 12 
amperes, respectively. This formula cannot 
be relied upon for fuses, as it does not take 
into consideration the cooling effect of the 
terminals. For copper fuses the melting 
point should be determined for the style of 
block used, and for, say, one or two sizes of 
wire, combinations of which can then be 
used for larger currents. 


How can a watch be demagnetized? T. J. P. 

Suspend the watch from a cord and twist 
the latter so thatit will cause the watch to be 
rapidly rotated when released. When ro- 
tating approach the watch to an electro- 


magnet or to the gap of a continuous cur- ° 


rent dynamo; then slowly withdraw it so as to 
be beyond magnetic influence when rotation 
ceases. If an alternating current is avail- 
able, wind wire about a cardboard cylinder 
of sufficient diameter to admit the watch and 
three or four inches high, the depth of the 
turns tapering from the bottom of the cylin- 
der to the top. Connect an incandescent 
lamp in series with the coil, lower the watch 
by acord into the cylinder and then slowly 
withdraw it. 


Does applying a certain E, M. F. to a conductor 
having one end insulated raise the whole of the 
conductor to that E. M. F. irrespective of its length? 

O. F. L. 

The entire conductor will be raised to the 
same potential as that of the E. M. F. con- 
nection. If we assume the earth to be at 
zero potential, then if the other side of the 
seat of E. M. F. is connected to the earth, 
the value of the potential will be expressed 
by the value of the E. M. F. Properly speak- 
ing the seat of E. M. F. is the place where 
it is generated—in the armature coils of a 
dynamo or at one of the plates of a voltaic 
battery. An analogy to explain the differ- 
ence between E. M. F. and potential in a 
circuit through which a current is flowing, 
may be found in a centrifugal pump circu- 
lating water in a closed circuit. Here the 
difference of pressure between the pump inlet 
and outlet (or the pressure generated in 
the pump) would correspond tothe E. M. 
F., and the pressure shown by a gauge placed 
at any point of the circuit would be the hy- 
draulic potential of that point. If the pipe 
offered no resistance to the flow of the 
water, the potential at every point init would 
be the same; similarly, if the wire of an elec- 
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tric circuit had no resistance, the potential at 
every point of it would be the same, and 
there would consequently be in the wire no 
difference of potential, or no E. M. F., or, 
more properly speaking, no drop of potential. 

I have 22 so-volt, 25-cp incandescent lights in 


series on a I100-volt, 125-cycle alternator, each lamp 
being shunted by an inductance—a Westinghouse 


shunt coil—which take the place of the lamp when 
the latter burns out, its “choking” E. M. F. being 
equivalent to the voltage of the lamp. (a) The 
voltmeter reading under norma! circumstances is 
49. (6) With the voltmeter on 1 and the lamp 2 
removed, the reading is 47 volts. (c) With the 
voltmeter on 1 and lamp r removed, the reading is 
over 350 volts, the limit of the instrument being 150. 
Since under normal conditions the voltage is 49, the 
drop in the line is 22 volts. In the case (4), there- 
fore, the choking effect of the shunt of No. 2 on the 
line is 49 + 2X 21 =91 volts, while in case ‘c) it reg- 
isters over 150 volts. How can these discrepancies 
be explained ? W. B. C. 


The magnetic circuit of the shunt coil in 
this case is not normally saturated. Conse- 
quently, when the entire line current is 
forced through it, an E. M. F., is induced 
which is much greater than that under nor- 
mal conditions when a mere fraction of the 
line current passes through. The E. M.F. 
measured at the shunt in case (c) is not in 
phase with that of the line, and therefore 
its effect on the line is less than represented 
by its numerical value, depending upon the 
angle of phase difference. 


What is phase difference, and how does it enter 
into the generation of alternating currents? 
G. M. K. 
A simple illustration of difference of 
phase is offered by, say, three men walking 
in the same direction about a circular track 
and at the same rate of speed. If the three 
men are equally distant from each other, they 
will pass a given point at equal intervals be- 
hind (or in advance of) each other, their 
difference of phase with respect to that 
point being, therefore, one-third of 360 degs. 
or 120 degs. Looking at the application in 
the generation of alternating currents, the 
phase difference of two or three-phased 
E. M. Fs. or currents when expressed in 
degrees, is the angular distance between 
corresponding armature wires of the two or 
three generating circuits, with reference to 
a bipolar field. This is go degs. for the two- 
phased system (sometimes called the 
‘* quarter-phase ” system) and 120 degs. for 
the three-phased system. In a two-phased 
bipolar machine, for instance, when a wire 
of one circuit is in the gap, the correspond- 
ing wire of the other circuit is in the strong- 
est part of the field. Therefore, when the 
E. M. F. in the first wire is zero, that in the 
second is a maximum, and the two are said 
to differ 90 degs. in phase. As the arma- 
ture continues to revolve, the strength of 
current changes in both wires, but as either 
wire passes a given point in the field, it will 
there have the same current the other wire 
had when at the same point. In other 
words, while during a revolution each will 
generate the same current, at any given in- 
stant the current will differ in direction or 
n value—that is— differ in phase, 


ALTERNATING CURRENT SEWING MACHINE 
MOTOR. 

In the description printed in these columns 
last month of the new and interesting design 
of sewing machine motor there illustrated, it 
should have been added that the machine is 
known as the Kent motor, and is manufact- 
ured by the Kent Electrical Manufacturing 
Company, 37 Hermon Street, Worcester, 
Mass, 


PACKED CARD RHEOSTATS. 


A new line of rheostats has recently 
been placed on the market, known as packed 
card rheostats, the name being derived 
from their method of construction. 

To form a unit resistance card, a wire rib- 
bon of German silver of definite length and 
size is wound upon a tube of asbestos formed 
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FIG. I.—STANDARD GENERATOR FIELD, 
D. C. RHEOSTAT. 


FIG. 4.—SHOWING IRON PLATES BETWEEN 
CARDS. 


on a steel mandrel and which, when the 
mandrel is withdrawn, is flattened and 
creased in a press to give it the card shape. 
In building the rheostat any desired number 
of these unit cards are placed side by side 
and separated by asbestos. The whole is 
then clamped by suitable end plates and 
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bolts and forms a resistance section. To in- 
crease the radiating capacity of the resist- 
ance section iron plates are inserted between 
cards and project beyond the general surface 
of the section. The same general structure 
is followed in all rheostats and motor start- 
ing boxes of the packed card type, the cross 
section and length of the resistance wire or 
ribbon alone being varied. The use of the 
flat card allows a very large resistance ca- 
pacity to be placed in a small space, while 
the creases hold the coils firmly against dis- 
placement. 

The advantages of this method of rheostat 
construction are absence of combustible ma- 
terial; exceedingly large radiating surface 
for weight and bulk of resistance material; 
chance of short circuit or similar troubles 
eliminated by complete insulation of the re- 
sistance; easy replacement of damaged cards 
when necessary; ability of resistance to with- 
stand overloads; it expands and contracts 
freely, and as the burning of one card only 
impairs the use of the apparatus until a new 
one can be inserted, or the old one be short 
circuited, no overload can destroy the 
rheostat. 
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FIG. 2.—REAR VIEW OF STANDARD GENER- 
ATOR FIELD, D. C. RHEOSTAT. 


FIG. 5.—STANDARD MOTOR WIRING, D. C. 
RHEOSTAT AND AUTOMATIC SWITCH. 


The switches used with these rheostats 
differ with the use to which the device is 
put. The steps of the field rheostat switches 
vary in number from 25 to 50—the majority 
having 50 steps to provide for close regula- 
tion—and are mounted on Io-in. X Io-in. 
slate bases. The motor switches, with the 
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exception of the three largest sizes, are also 
mounted on slate bases, the number of steps 
up to and including 10 HP being the same. 

The starting rheostats for motors are built 
with or without an automatic release switch, 
the standard switch being automatic. This 
automatic release is essential to the success- 
ful operation of isolated motors, for if the cur- 
rent stops, the circuit is automatically opened 
and remains open until closed by hand. -The 
motor armature is thus protected against in- 
jury by any sudden rush of current, if the 
supply of current in the mains be suddenly 
thrown on after having been cut off, as some- 
time happens from street mains. With the 
automatic switch the starting resistance is 
all in as soon as the motor is shut down from 
any cause. 

The generator field rheostats are con- 
structed to be mounted either in front or be- 
hind the switchboard, and the motor starting 
rheostats on the front of the switchboard 
only. The former are built for 500, 250 and 
125-volt circuits, the latter for 110, 220 and 
500-volt circuits; those for 110 and 220 volts 
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FIG. 3.—WOUND TUBE AND PRESSED CARDS. 


being adapted for use also on 125 and 250 
volts. 

The above line of rheostats is manufact- 
ured by the General Electric Company. 


COMMERCIAL MOTORS AND GENERATORS. 


A new type of generator and motor re- 
cently placed on the market is illustrated in 
Figs. 1 and 2. The machines are built for 
both low and moderate speed, and a high 
efficiency is claimed, due to a low reluctance 
of the air gap, low hysteresis loss and small 
expenditure of energy in the field, the two 
latter resulting from the high electrical 
quality of the iron used. 

The field frame is of annealed cast steel 
of special quality, and the coils are form- 
wound and taped, the field cores being made 
round in order to require the smallest possi- 
ble amount of wire, and thereby insure the 
highest efficiency. The strength of the field 
is such as to obviate any sparking with 
change of load. The construction of the 
machine is such that to remove the armature 
or dismantle the machine, no loosening of 
connectionsis necessary, the yoke arms sup- 
porting all terminal boards and connections. 

The armature is of the ring type, with 
wires on the surface where they are exposed 
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to the cooling action of the air. The ring is 
open at both ends, permitting an unob- 
structed circulation of air through the 
middle of the core, and thus cooling every 
wire on the armature as well as the core 
itself. The brushes, which are carbon, feed 
automatically and do not need to be reset as 
they wear down. 

In Fig. 3 is shown an electric pump, made 
by the same firm, which is particularly ap- 
plicable for use in office buildings and resi- 
dences to supply reservoir tanks where the 
head of water is low. A special feature is 
the absence of gears, the motor being con- 
nected to the pump entirely by belt, thus 


doing away with the annoying sound which 


is unavoidable even with the best cut gear- 
ing. The motor is a special low-speed ma- 
chine, placed on the same bed-plate with the 
pump and connected to it by means of an 
endless belt running over an idler. A 
spring acts upon this idler to keep a con- 
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K-14 series-parallel controllers—motors and 
controllers being both especially designed to 
meet the peculiar requirements of Bridge 
trafic. The motors have the usual charac- 
teristics of all General Electric railway 
motors, and are spring suspended; the two 
forward ones are provided with a small 
roller in the front upon which the cable can 
run and thus prevent injury to cable and 
motor. The illustration shows one truck 
of a motor car with a controller and gives a 
fair idea of the compactness of the equip- 
ment. Each motor car has each truck simi- 
larly equipped. 

The series-parallel controllers embody the 
magnetic blow-out principle. In their 
operation, when the current is shut off, 
resistance is first introduced and the poten- 
tial at the motor reduced before the circuit 
is broken. When the circuit is broken the 
arc is immediately blown out and the con- 
tacts do not suffer, the blow-out serving to 
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the pyramid carries two jaws, which grip the 
foot of the third rail and are screwed up by 
means of a bolt and nut. For the return, 
the service rails are also bonded with No. 
oooo bonds. Between the journal boxes of 
each truck and on each side of it is an oak 
beam, from the center of which depends one 
of the contact shoes. These shoes are slung 
loosely from jointed and slotted hangers, 
and having an easy up-and-down motion as 
well as the ability totake any angle within.a 
wide range, follow the surface of the rail at 
all times and make perfect contact. The 
shoes are of cast iron about I2ins. long by 10. 
ins. wide and % in. thick. Each weighs. 
about 10 lbs., and is wide enough to slide 
over all breaks on the third rail at all 
switches and crossings, one shoe being al- 
ways in contact. An insulated flexible 
cable connects the shoe to the motor. 

The electrically equipped cars are known 
as the motor cars, and one is allotted to each 


FIG. I.—SLOW SPEED DYNAMO 
AND MOTOR. 


stant tension of the belt and prevent slip- 
page. 

The above machines are made by the 
Commercial Electric Company, Indianap- 
olis. Ind. 


BROOKLYN BRIDGE MOTOR CARS. 


On Nov. 30 twelve motor cars were put into 
service on the Brooklyn Bridge for switching 
purposes and night service. Fourteen are 
now in use and six more car equipments 
will be put into service as soon as completed. 

The motor cars do not differ outwardly 
from the regular cars, except that the plat- 
forms are three inches longer. The length 
of the car is forty-five feet over all and 
weighs about twelve tons more than the ordi- 
nary car. The total weight with the motors 
is about thirty tons. : 

The trucks are from the shops of the Mc- 
Guire Manufacturing Company, of Chicago, 
and have been especially designed for this 
work. In these trucks the draft of the 
train is taken directly on the journal boxes, 
instead of through a swinging bolster, the 
entire top frame having sufficient lateral 
motion tocushion on curves. The weight 
of each truck is 1000 lbs. 

The general character of the electrical 
equipment is similar to that in use on the 
Metropolitan West Side and Lake Street Ele- 
vated Electric Railroads in Chicago, and on 
the electrically operated divisions of the 
New York, New Haven & Hartford Rail- 
road. The equipment of each motor car 
consists of four G. E.-50 motors and two 


FIG. 2.—ARMATURE OF SLOW SPEED 
DYNAMO AND MOTOR. 


chill the arc by spreading it over the surface 
of the breaking points instead of confining 
the root of the arc to its point of origin and 
consuming it. 

The total number of notches is 13, six of 
the resistance points being in series and five 
in parallel. The reversing switch is, of 
course, arranged for four motors. The 
handle is interlocking and cannot be moved 
unless the controller handle points to the off 
position. 

The resistances suspended beneath the cars 
are twelve in number. They are of the 
packed ribbon type set in open iron boxes. 
Beneath each platform is an automatic cir- 
cuit breaker, which is set at 800 amperes; 
should the current exceed this, a latch 
is tripped by the action of a solenoid, and 
the contacts in the device are instantly sep- 
arated, breaking the circuit. Additional 
protection is provided by cut-outs also em- 
bodying the magnetic blow-out principle, 
whereby the arc formed at the disruption of 
the fuse is magnetically extinguished. 

The current is taken from a third rail in a 
manner similar to that used on the electric 
roads in Chicago. This third rail runs on 
the outside of the service track and parallel 
with it across the Bridge, and at all crossings 
and switches is about one foot from the out- 
side rail. The third rail used is the ordi- 
nary T rail bonded with two No. oooo bonds, 
They are laid on insulators, one of which is 
set every fifth tie. These insulators are 
square pyramidical pieces of vitrified clay 
with a single petticoat, and are supported 
on iron pins fastened to the tie. The top of 


FIG 3.—ELECTRIC PUMP. 


train, forming part of it and carrying its 
share of the passengers. Its function is 
similar to that performed by the switching 
locomotives. The train emipties at the ter- 
minal, the motor car draws or pushesit from 
the incoming platform to the tail track and 
thence to the outgoing platform. It then 
moves the train over the tilting sheaves so 
that the grips on the other three cars may 
seize the cable, when the current is shut off 
and the cable performs its ordinary func- 
tions. Under the conditions of the contract, 
the power of the four motors must be suffi- 
cient to propel the fully loaded train, weigh- 
ing 120 tons, across the Bridge at the speed 
of the cable, 11.3 miles an hour, in case of 
breakdown of the cable. With the motors, 
the heaviest Bridge trains are readily hauled 
up the 3.78 grade, and so far as they are con- 
cerned, comply fully with the conditions. 
During the early morning hours the motor 
cars will handle the entire traffic of the 
Bridge after the cable has stopped running. 

The motors will also help heavily loaded 
trains up the grades and thus keep the grips 
from slipping on the cable. The substitution 
of the motor car eliminates one set of grips, 
while adding about 12 tons to the weight, 
and three grips are not always sufficient to 
handle trains which may be heavily loaded. 
As soon as the second set of tracks is ready 
and the additional cable running, it is ex- 
pected that the headway will be reduced 
from go to 45 seconds. 

The efficiency of the electric system in an 
emergency was tested on the evening of Dec. 
2, 1896, when the operation of the cable was 
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accidentally suspended. The rush homeward 
from New York to Brooklyn had already set 
in, and the entire operation of the Bridge 
for some half hour was thrown upon the 
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bank of dimmers the same manufacturers re- 
cently filled an order for a bank of 24 dim- 
mers complete with interlocking switches. 
This bank has a capacity of 1480 lights, 


FIG. I.—FULLY EQUIPPED TRUCK FOR BROOKLYN BRIDGE CARS. 


motor cars. According to the Bridge au- 
thorities the traffic was carried on without 
any appreciable loss in headway. 


THEATRE DIMMERS. 


The progress of theatre lighting and the 
control of electric light for scenic effects is 
of like interest to the theatrical profession 
and constructors of theatre lighting plants. 
Among the recent improvements made in 
theatre dimmers is an interlocking switch 
system illustrated in the accompanying cut. 
Where several dimmers are used, a system of 
interlocking the switch handles, so that any 
or all of the dimmers can be operated by 
one central master bar, is indispensable. 

The bank of theatre dimmers illustrated, 
built for one of the largest theatres in the 
country, is composed of four 3-wire dim- 
mers and eight 2-wire dimmers, ranging in 
capacity from 4o lights to 200 lights each, 
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with dimensions 120 ins. X 37 ins. X 20 ins., 
exclusive of handles. The maximum height 
to top of master bar is 4834 ins. 

Dimmers of any capacity from one light 
to 10,000 lights inany of a dozen different 
styles are made by the Iron Clad Rheostat 
Company, Westfield, N, J., the manufact- 
urers of the type above described. 


NEW ELECTRO-MECHANICAL GONG. 


The new electro-mechanical gong, illus- 
trated in the accompanying cut, is a de- 
cided departure from the usual types now 
on the market. The hammer is pivoted at 
the post, and when released it makes a full 
revolution; passing under the gong it is 
raised by an inclined plane, strikes the 
gong a powerful clear blow and drops to its 
normal position under the gong. After the 
first blow the armature remains close to the 
magnets, so that very little power is re- 
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THEATRE DIMMER. 


a total of 1150 lights. The dimensions are 
78 ins. X 37 ins. XxX 20 ins.exclusive of handles, 
The completed instrument is neat as well as 
compact and substantial, and fulfills the 
specifications of fire departments and in- 
surance underwriters. 

In addition to the above described large 


quired to operate it, and very rapid blows 
may be struck. 

The smaller sizes, 4 ins. to 8 ins., are en- 
cased in a polished wooden box with a 
nickel-plated front, to which is attached the 
entire mechanism of the bell. By unscrew- 
ing this front the whole bell may be re- 
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moved from the case and the inner parts 
exposed. Lantern pinions and a very 
strong spring encased in ‘‘main spring box,”’ 
are used. The larger sizes, loins. to 30 ins., 


ELECTRO-MECHANICAL GONG. 


are mounted on a cast frame and entirely 
encased in a polished wooden box, the front 
of which can be removed, as shown in the 
illustration. This style is made to operate by 
either a spring or weight, and will strike 
about 500 blows to each winding. These 
bells can be arranged to continue striking 
single rapid blows until the circuit is 
broken. Being dust and damp proof they 
may be used in exposed places. 

The bell described is made by Edwards & 
Company, 144th Street and Fourth Avenue, 
New York. 


LOW PRESSURE POP SAFETY VALVE. 


During the present year the Massachusetts 
State Legislature revised the engineer’s li- 
cense law, its new provisions as applying to 
low pressure steam boilers in residences, 
dwellings and apartment houses, permitting 


ASHTON LOW PRESSURE POP SAFETY VALVE. 


a licensed engineer to be dispensed with if 
the boiler carries ‘‘an improved device lim- 
iting the pressure carried to fifteen pounds 
per square inch.” We illustrate herewith a 
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pop safety valve made to meet the require- 
ments of the above mentioned law, and 
which has been accorded the necessary 
official approval. 

The valve is made with an under discharge 
outlet, thus preventing dust or dirt getting 
to the interior. All working parts are of 
composition metal,and the spring of Jessop’s 
steel. The lock-up attachment and trip 
lever prevent tampering and also make it 
possible to test the valve when desired. 

The Ashton Valve Company, 271 Franklin 
Street, Boston, are the manufacturers of the 
valve described. 


TELEPHONE SWITCH. 


A patent has recently been granted to Elias 
E. Ries for a telephone switch, the principle 


of which is made clear in the accompanying. 
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TELEPHONE SWITCH. 


illustration, which shows the switch applied 
to the ordinary telephone. As will be seen, 
the contact arrangement consists of a thim- 
ble of insulating material containing a 
globule of mercury. When the telephone 
is hanging vertically, the mercury closes 
the line-bell circuit, and when in natural 
position at the ear this circuit is cut out and 
the primary and secondary of the trans- 
mitter cutin. It is claimed that this device 
is entirely clear of all other telephone 
switch patents, and presents a number of 
advantages—among others greatly facilitat- 
ing telephonic communication, as it is 
merely necessary when ringing up to tilt the 
telephone without removing it from the ear. 


NEW ENIFE SWITCHES. 


The demand for high grade knife switches 
has brought upon the market designs of 
various makers. The most recent are the 
type “E” and type ‘‘Q,”’ manufactured by 
ths Western Electric Company, Chicago, and 
shown in the accompanying illustration. 
The contacts of these switches are all rolled 
tempered copper, and the greatest care in 
construction and design has been observed 
in order that the switches shall carry their 
rated capacity in amperes without showing 
any heating of the parts. In placing and 
fastening the jaws in position, they are not 
soldered, but bolted to the metal plates or 
lugs, as can be seen from the illustration. 
By this method the temper of the jaws is in 
no way injured, and they will always grasp 
the blade of the switch with an equal and 
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unvarying contact which will not deteriorate 
with time. The hinge contact is made in 
the same way, and the bolt which passes 
through the hinge is provided with a lock 
nut, preventing any liability of loosening or 
poor contact at this point. The blades are 
of drawn copper, hand finished. 

The base is extended for connections on 
the back of the board, and is secured in place 
by a lock nut. Swivel connections are pro- 
vided, which will admit of the circuit wires 
being brought into the switch from any 
direction. The switches are all made to 
gauge, and any repair part can be obtained 
and a damaged part replaced in a few mo- 
ments. 

The type ‘‘E’’ is for station and switch- 
board work, being of the regular jaw pat- 
tern. Thetype ‘‘Q”’ is essentially the same 
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as type ‘‘E,”’ with the addition of a quick- 
break spring, and is especially approved by 
the Underwriters for an entrance or service 
switch for motor work, constant potential 
arc or incandescent lighting. 


ERSONAL. 


Mr. G. L. Foote, senior member of the new firm 
of Foote, Pierson & Company, which has recently 
purchased the manufacturing department of The 
E. S. Greeley & Company, has probably done more 
experimental work for inventors than any other 
electrician in the world, particularly with respect 
to telegraphic and telephonic apparatus and the 
more delicate kind of electrical mechanisms. Dur- 
ing the 25 years he was connected with the manu- 
facturing department of Tillotson and Greeley Com- 
panies, he had a large share in perfecting many 
electrical inventions of note, and many years ago 
acquired a wide reputation among inventors and ex- 
perimenters as possessing extraordinary skill in 
transforming small models offered him into practi- 
cal and commercial apparatus. In one instance that 
came under the writer’s notice, a model weighing 30 
or 40 lbs. and including a complicated system of 
weights, wheels, cams and levers, was transformed 
intoa simple piece of mechanism weighing but a 
few pounds and containing not a half dozen parts, 
all told, in which shape it is now in commercial 
use. 


NEW BOOKS. 


NATIONAL ELECTRIC LIGHT ASSOCIATION; Nine- 
teenth Convention. New York: Published by 
Order of the Executive Committee. 446 pages, 
illustrated. 

The current volume of the Proceedings of the 
National Electric Light Association is one of the 
most creditable yet issued, both with respect to the 
matter contained and the execution. The papers 
by Mr. John F. Kelly on ‘‘Some Account of the 
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Distribution of Light and Power by Alternating 
Currents ” are contributions to electrical literature 
of permanent value, while that of Mr. L. A. Fer- 
guson on “The Commercial Value of Acetylene Gas” 
remains yet the best discussion on the vexed ques- 
tion of the cost of production of calcium carbide. 


TRANSFORMERS FOR SINGLE AND MULTIPHASE 
CURRENTS. A Treatise on their Theory, Con- 
struction and Use. By Gisbert Kapp. New 
York: The Macmillan Company. 241 pages, 133 
illustrations. Price, $1.75. 

The need of an authoritative practical work on 
transformers has been long felt, and the electrical 
public is to be congratulated that Gisbert Kapp 
took upon himself the task of supplying the want. 
The present volume can be numbered among the 
most important technical electrical treatises thus 
far published and in no respect falls short of the 
high standard set by Kappin his previous works. 
It is distinctly practical in its treatment of the sub- 
ject, which is thoroughly considered from every 
standpoint. The small amount of mathematics 
necessarily contained need not deter the non- 
mathematical reader, as he will find the practical 
statements which accompany such matter generally 
sufficient for his purpose. 


TRADE PUBLICATIONS. 


Coaduits. In a very handsome little pamphlet 
John T. McRoy, Chamber of Commerce Building, 
Chicago, describes and illustrates the various forms 
of McRoy vitrified terra cotta conduit. Information 
in concise form is contained on the method of in- 
stalling and jointing the conduit. 


X-Ray Apparatus. In a handsome pamphlet with 
this title, the Central Electric Company, 173 Adams 
Street, Chicago, describes a number of complete 
equipments for taking Röntgen radiographs, in- 
cluding induction coils, interrupter, Röntgen tubes. 
fluoroscopes and storage batteries. The pamphlet is 
illustrated with some excellent half-tone reproduc- 
tions of radiographs, 


Circuit Fittings. The Bossert Electric Construc- 
tion Company Utica, N. Y., in a 32pege catalogue 
describes and illustrates 15 different types of dis- 
tributing boxes, branch circuit boxes, etc., for inter- 
ior wiring. To the electrician not acquainted with 
the latest practice in such fittings, this pamphlet 
will prove of much interest, the descriptions accom- 
panying the cuts „being in considerable detail. 


Electric Heaters. The Globe Electric Heating 
Company, 141 N. Twelfth Street, Philadelphia, has 
issued a new catalogue describing and illustrating 
the various forms of electric heaters which it man- 
factures. The heaters illustrated are artistic in ap- 
pearance. The Globe Company makes a specialty of 
this point, supplying heaters to harmonize with 
any particular design of fixtures or decoration. 


Enclosed Arc Lamps. The Ajax enclosed arc 
lamp is the subject of a pamphlet issued by Pom- 
eroy, Woltmann & Company, 43 Cortlandt Street, 
New York, in which the principles and advantages 
of this type are pointed out and-its mechanism 
illustrated. It is claimedthat the Ajax lamp entails 
a direct saving in the labor of trimming of 93 per cent. 
over open arc lamps of the ten-hour class, and 94 
per cent. in cost of carbons, 


Holophanes. Prof. A. Blondel, of Paris, one of 
the great electrical authorities of the world, gave 
the name of “holophane,” (meaning wholly lumi- 
nous) to an ingenious system of enclosing globes of 
his invention, whereby light from a small source is 
so perfectly diffused as to make the globe appear to 
be the luminous source. The Geo. A. Macbeth Com- 
pany, Pittsburgh, Pa., arethe Amcrican manufactur- 
ers of holophanes, which they describe and illustrate 
in a pamphlet that may be obtained upon applica- 
tion. 


Walker Company Circulars. Among the most 
valuable trade publications are the technical circu- 
lars issued from time to time by the Walker Com- 
pany,Cleveland, O. The circulars,indeed, have rather 
the character of technical monographs than trade 
publications, giving as they do detailed and care- 
fully written and illustrated descriptions of new 
types of apparatus and appliances. Among recent 
additions to the list are one on street car motors, in 
which the Walker motor is illustrated and described 
in close detail, and another on switchboards and 
instruments, which will give a better idea of modern 
switchboard design than may be found in any elec- 
trical book publication, 
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Blectric Light and Street Raliway Supplies. 
The Electrical Engineering & Supply Company, 
Syracuse, N. Y., has issued a substantial 116-page, 
“1897” catalogue (No. 7), which thoroughly illus- 
trates and describes the large line of electric light 
and street railway supplies of its manufacture. The 
largest portion of the space is devoted to jack-knife 
switches, ewitchboards and switchboard fittings; no 
less than so pages are necessary for this purpose, 
most of which is given up to switches alone, 22 types 
being illustrated. Porcelain electric light fittings 
and incandescent lamp switches and sockets of all 
varieties are also shown in great variety. As an 
illustrated epitome of the latest practice in electri- 
cal fitting, this catalogue will be useful on the 
desk of every electrician. 


BUSINESS NEWS. 


The Hercules Float Works, Springfield, Mass., 
have just issued a new catalogue and price list of 
their seamless copper floats and air chambers. 


The Western Electric Company, Chicago, re- 
ports a very large demand for the Sumbeam lamps, 
especially for the 2,4 and6cp. lamps. Large or- 
ders have been filled for use in sign and decorative 
work. 


Charies Wirt, 1028 Filbert Street, Philadelphia, 
has appointed as Southern agents the Electric Sup- 
ply & Construction Company, Savannah, Ga., which 
will carry a full stock of Wirt brushes and supply 
the Southern trade. 


An Arc Lamp Contact. 4 {ter a spirited contest, 
Pomeroy, Woltmann & Company, 43 Cortlandt 
Street, New York, were awarded the contract to 
furnish 64 of their Ajax arc lamps for the new Ninth 
Regiment armory on Fourteenth Street,New York. 


Younglove & Gere, 312 E. Genesee Street, Syra- 
cuse, N. Y., manufacturers of the Cherry-Younglove 
ventilated dynamo brush, are busy filling orders re- 
ceived not only from this, but from foreign coun- 
tries. So positive are they of the efficiency of their 
product, that brushes are sent on trial to responsible 
parties. 


The Baechtoid & Parker Electric Company, 79 
Washington Street, Brooklyn, is the subject of an 
appreciative article in the New York Mercantile & 
Financial Times. This firm has acquired an envi- 
able reputation for the high character of its work- 
manship, and well merits the commendation be- 
stowed. | 

Goldmark & Wallace, 29 Chambers Street, New 
York, who carry a complete and weil assorted stock 
of the well known Koch German dynamo brushes, 
are having greatly increased sales recently, owing 
to the fact that users find that they are able to 
promptly fill all orders for brushes of any sizes or 
for any quantity, thus avoiding the previous delay 
in having foreign orders filled. 


ira J. Strong, 267 Asylum Street, Hartford, Cont., 
isinstatling for the Salmon River Electric Light 
Company, at Leesville, Conn., a 143-HP Trump water 
wheel, the power from which will be used for light- 
ing and power in Moodus and East Hampton, Conn. 
Over 1000 lights have been contracted for and it is 
expected that within a short time power can be 
transmitted to both Middletown and Portland, some 
twelve miles from Leesville. The plant can be in-, 
creased to 1500 HP. 


Byanson & Armpriester, 123 N. Third Street, 
Philadelphia, Pa., have an order for installing the 
switchboard for the Mexican International Railway 
of the City of Mexico, and another for a 4000-am- 
pere board for the Continental Brewing Company. 
They have just finished a board for the Lyondale 
Bleach, Dye & Print Works. This latter board is of 
5000 amperes capacity, the plant using the elec- 
trical system of power distribution. The same com- 
pany is building a switchboard fora Japanese gov- 
ernment lighting plant at Yokohama, Japan. 


Hugo Reisinger, of No. 38 Beaver Street, New 
York, reports an extraordinary increase in the 
business for the ‘Electra’ high grade Nuernberg 
carbons. He recently received a letter from a lead- 
ing electric lighting station repeating the order 
with the statement, “The shipment furnished us 
was so far superior to anything heretofore used by 
us, that we have concluded to adopt the "Electra" 
carbons exclusively for our arc lighting in the 
future.” The above letter is said to be one of the 
many testimonials which Mr. Reisinger has re- 
ceived, and certainly speaks very highly of the 
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merits of the “Electra” carbons with which he sup- 
plies the trade. 


The Western Electric Company, of Chicago, has 
been given the agency for the complete line of Lun- 
dell power motors, which range in size from one- 
sixteenth of a horse power up to any size required. 
These motors, as is well kuown, are completely en- 
cased and generally regarded among the trade to 


be one of the best motors on the market. They can 


be readily connected to printing presses and ven- 
tilating fans, and are also used for blowing large 
organs. Wherever electric power is desired, these 
motors are especially applicable. These motors 
will be kept in stock, in Chicago, subject to imme- 
diate delivery, 


An Engine for China. The American Engine 
Company, of Bound Brook, is about to ship one of 
its new American-Ball engines to the Chinese Gov- 
ernment, to be used in driving machinery for the 
coinage of silver. Among other shipments of en- 
gines during the month of November were ma- 
chines to Leavenworth, Kan., St. Paul, Minn., and 
Long Island City. Shipments of electrical machin- 
ery during the same month were dynamos of 18, 25 
and so Kw, and motors as follows: twoof 50 Kw and 
one of 25 Kw, five of 12 KW and one of 5 Kw—the 
states represented being New York, Massachu- 
setts, Illinois, Minnesota, Georgia and Missouri, and 
the District of Columbia. 


Foote, Pierson & Company have purchased the 
entire manufacturing department formerly owned 
and operated by The E. S. Greeley & Company, 
sand 7 Dey Street, New York, and have removed 
the same to 82 and 84 Fulton Street, where the man- 
ufacture of all electrical instruments and supplies 
manufactured by the Greeley corporation will be 
continued, particular attention being given to the 
designing and building of special electrical appar- 
atus. The members of the new firm had been con- 
nected with L. G. Tillotson & Company and The 
E. S. Greeley & Company in the above department 
for the past 25 years, during that long period gain- 
ing an cxperience which, in the varied character 
and extent of work, is probably unrivalled in this 
country. 


Reliability of Wattmeters. We learn that with- 
inthe past month a series of important tests have 
been made to determine the accuracy of the Thom- 
son recording wattmeter under certain conditions. 
The tests were carried out to verify sundry criti- 
cisms to the effect that on rapidly fluctuating loads, 
the meter was derelict in its accuracy—especial ref- 
erence being made to elevator work. The object of 
the tests was the determination of the mean error 
under maximum conditions of fluctuation, and the 
result was gratifying from the standpoint of the 
meter. It was found thatthe maximum of error, 
introduced by this character of load—that is, under 
the worst possible or maximum condition of fluctua- 
tion—did not exceed six-tenths of one per cent., a 
percentage materially reduced under conditions 
less than the maximum. 


Five Successful Years. The Electric Appliance 
Company has just completed its fifth business year, 
and is congratulating itself on the results. Thecom- 
pany began business five years ago,at its present loca- 
tion, occupying a part of the first floor of the build- 
ing at 242 Madison Street, Chicago. Its ‘business has 
increased, demanding greater facilities from time 
to time, until now it occupies the entire building, 
and has a large basement, and the three large 
upper floors filled with valuable stock, and is one of 
the largest electrical supply houses in the United 
States. Its supply line is very large and complete 
in every respect, and the line of specialties carried 
is perhaps the most desirable controlled by any one 
supply house in the country. Its facilities for trans- 
acting a large volume of business, to the satisfaction 
of the trade, and to their owu profit is unsurpassed. 


The Bryant Electric Company Branching Out. 
The Western supply trade will note with interest 
the establishment of a branch factory at East Liver- 
pool, O., by the Bryant Electric Company, manu- 
facturers of the well known ‘‘Bryant specialties.” 
The Bryant Company states that it is not its in- 
tention to manufacture its complete line of sup- 
plies at East Liverpool, but for the present will con- 
fine its work at that point to Sawyer-Man cut-outs, 
§00-volt railway blocks and the weil known K. W. 
ceiling rosettes. The manufacture of other spec- 
ialties will, however, be added as necessity demands, 
The largely increasing Western trade of this comí- 
pany has made the move outlined above necessary, 
aud the advantages resulting to the supply trade in 
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the way of early deliveries and reduced freight rates 
are very apparent. The Bryant Company will es- 
tablish no business office at East Liverpool, and all 
correspondence should be addressed as formerly, 
either to its Western office at Chicago, or the main 


“office at Bridgeport, Conn. 


interior Conduit and Insulation. Thetrade will 
be interested to know that the Western Electric 
Company, of Chicago, has been given the agency for 
the products of the Interior Conduit & Insulation 
Company, of New York. All brass armored and iron 
armored conduits, elbows, couplings, fittings, etc., 
will be carried in stock in Chicago, and unusual facil- 
ities will be given to all jobbers and contractors for 
obtaining this material at the lowest prices. The In- 
terior Conduit Company has just brought out a 
special conduit which it claims is much superior to 
anything which has ever before been placed upon 
the market, and it has not only increased the excel- 
lence of this material, but has very materially de- 
creased the price. The Western Electric Company 
is prepared to furnish new prices upon application. 
Coupled with this agency, the Western Electric 
Company has also secured the agency for a full line 
of standard, iron-armored, slate-lined, papel, dis- 
tributing, fuse, main, and feeder terminals; also 
branch junction boxes. These boxes are specially 
designed and each box can be used on either two or 
three-wire system. 


The Ohio Electric Works. At this season the 
mind of the dealer naturally turns to novelties, 
and asthe Ohio Electric Works, of Cleveland, are 
the leaders and headquarters for suppliesin this 
line, a word about this concern and its products 
will be interesting. In this attractive branch of the 
science, asin the other branches, the leaders are 
young men. Mr. Albert C. Fletcher, the senior 
partner, has been engaged in electrical pursuits for 
the past twenty years, and his inventions have been 
phenomenally successful—electrically and commer- 
cially. The sale of the electric light for neckties has 
been simply wonderful since its reduction to a popu- 
lar price, and the bicycle electric light made by the 
Ohio Company is the only one left in the field,of all 
that entered last spring. This successful light for 
the wheel will lead them all the coming season, as 
every part has been perfected and the price so 
cheapened that the cheap oil lights will be rele- 
gated tothe ash heap in the spring. All who see 
the new Ohio lights are emphatic in the belief that 
electricity is the only thing intended for light on 
the wheel. Other inventions, such as cap lights for 
bands, miners and clubs, miniature lamps, small 
motors, etc, are illustrated in the company’s cata- 
logue and show the novel applications of the cur- 
rent in all branches of the science. The new elec- 
tric student’s lamp deserves special mention. Mr. 
J. W. Hencke, the junior partner, was for eleven 
years with the Standard Oil Company, but on ac- 
count of the growth of the business of the Ohio 
Electric Works was induced to sever his connection 
with the Standard and devote his time to the finan- 
cial part of the business, and his success is attested 
in the growth and success of the concern. 
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Did You Ever See an Indian ? 


Expect not, so send a two cent stamp to the Gen- 
eral Passenger Agent Colorado Midland Railroad, 
poirit, and he will send you a fine colored picture 
of one. 

e 


Spend Your Vacation in the Monntains, 


But first write the General Passenger Agent of 
the Colorado Midland Railroad, Denver, for maps, 
views, and descriptive matter, so as to know where 


to go. 
0 
Tours in the Rocky Mountains. 


The ‘Scenic Line of the World,” the Denver & 
Rio Grande Railroad, offers to tourists in Colorado, 
Utah and New Mexico the choicest resorts, and to 
the transcontinental traveler the grandest scenery. 
The direct line to Cripple Creek, the greatest gold 
camp on earth. Double daily train service with 
through Pullman sleepers and tourists’ cars between 
Denver and San Francisco and Los Angeles. 

Write S. K. Hooper, G, P. & T. A. Denver, Col- 
orado, for illustrated descriptive pamphlets. 


WANTED-“s will pay 10 cents each for 


clean copies of the May, 1896, 
issue of the AMERICAN ELECTRICIAN. Copies should 
be rolled lengthwise in a wrapper long enough to 
protect the whole paper. Address AMERICAN ELEC- 
TRICIAN, Havemeyey Building, New York, and send 
a postal by same mail notifying us. 
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STERLING m.. Sewing: Machine - Motor 


i Extra Insulating Sicingi, 
J ; Isn’t It? 
Varn iol | eee eay But We 


Have It. 


In one order from the = <3 ll A 
Westinghouse Electric & Mfg. Co. Or Ie inal thas regulation sbecistaly POLI ae 


` Send for Catalogue J, and mention the AMERICAN ELECTRICIAN. 


VW 5 Kent Electric Mfg, Co. mss > 
yY rá PUSEI 
BECAUSE: 


BUTTONS, 
BELLS. 


It is very TOUGH AND ELASTIC AND WILL REMAIN SO. 

It WILL Not CORRODE YOUR WIRES and will stand more 
heat than any other Varnish. 

It bakes readily and with very even coat, and is ABSOLUTELY 
UNAFFECTED BY WATER OR LUBRICATING OILS. 

It Dorks Not CONTAIN CARBON BISULPHIDE or any other 
poisonous or objectionable materials, 

It IS A GOOD INSULATOR WET AS WELL AS DRY. 


c>e<d 
Send for New Catalogue. 


It 1s LOW IN PRICE. a 
WRITE FOR SAMPLES AND PRICES. H U E BEL & MANGER, 
MANUFACTURERS, 


STERLING VARNISH CO., 


325 Water St., Pittsburgh, Pa. 


292 Craham Street, 
BROOKLYN, N. Y. 
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to be renewed. - b > 
The KINSMAN DESK LIGHT is made for ANY STANDARD LAMP. SSS 
`- Kinsman Desk Light, Nickel Plate or Polished Brass, -~ 
i’ -= . 

CAUTION.—There are now a number of cheap and crude imitations of the Kinsman Desk Light, Dark Green Enamel, Gold Stripings, 3.75 
tegen —_ Light on ie market, one al barp 3 being aenesuees nader a rss esis na y Nickel Plate or Polished Brass, 8.00 
somewhat similar name. e Kinsman Des ight was invente Walter asman Portable No. 1, Dark Green Enamel, Gold Stripin 5.00 
R. Kinsman, of Arlington, N. J. His invention was purchased outright by us, gow : 8S, 
and has always been manufactured and sold by us. The careful to see that the Kinsman Portable No. 2, Nickel Plate or Polished Brass, 7.00 
eye shade is adjustable to suit narrow or wide desks, that there isa revolviu Write for Discounts. 
glass cylinder with both ground and clear glass, so that you may get the full Note.—The socket is not included in the price quoted for the fixture 
effect of the light, or it may be softened at pleasure, and de especially careful to finished in green enamel. 
see that any Standard Lamp up to 32c. p. may be used. Do not be misled by 
pictures on paper but insist on seeing the goods. McLEOD, WARD & CO., 26 Thames Sty New York. 


BUCKEYE INCANDESCENT LAMPS. 


QUALITY UNEQUALED. 


THE BUCKEYE ELECTRIC CO., 
CLEVELAND, OHIO. 


REPAIRS TO “WOOD” ARC 


DYNAMOS, ARMATURES, COMMUTATORS, LAMPS, ETC. 


SKILLED WORKMANSHIP, BEST MATERIAL AND SATISFACTION GUARANTEED, 
Prices and Reference on Application. 


BAECHTOLD & PARKER ELECTRIC CoO.,, 


79 & 81 WASHINCTON STREET - - (at Brooklyn Bridge Entrance) - = BROOKLYN, N. Y. 
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The Card Electric Company 


OFFICE and works, MANSFIELD, OHIO. 


Manufacturers of 


MULTIPOLAR 2t°%, DYNAMOS and MOTORS 


For Isolated Lighting and Power Transmission. 


SERIES REVERSIBLE MOTORS and CONTROLLERS 


For Rolling Mills, Elevators, Swing Bridges and Traveling Cranes. 


Agents Wanted in Unoccupied Territory. Write for Estimates. 
W. S. HADAWAY, Jr., 
Consulting and Constructing T 
ELECTRIC HEATING ENGINEER, ~The Electra’ ‘ 


107 Liberty Street, New York. 


Complete heating plants laid out ard constructed, using electric 
heating apparatus for high temperature purposes. 


‘-, ELECTRIC FURNACES A SPECIALTY. .*. ." 


Prouty Electro-Gasoline Engine _Peices smasnep. 


H. P. Weight. Floor Space. Speed. New Prices. (Old Prices.) 


3 goo 20x30 375 $195 ($300) yas’ rp? N 
4 1000 20x30 350 $220 ($375) iP \ 
5 1100 24x32 300 $245 ($450) yen ane lt” i “il 
6 1200 24x32 300 $270 ($525) | 11 SO 
Larger sizes built to order at correspondingly low prices, quoted on application. ( m p 
Special prices made on HOISTS and PUMPS. 5 wail 


THE PROUTY CO., 328 Dearborn Street, CHICAGO, ILL. 
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SPECIAL MW and efficient 
CARBONS ae manufactured peenar 
ENCLOSED u r 
ARCS - Lamps 
AND CARBONS ely consumed, thus giving a longer life 
g| OF EVERY | 
Se DESCRIPTION Ç z ryh iraga. i a aaa i Shaded: wae 
X ORDER pe Sic eat sd belar tek: eka a ad laos 
We LE FRORUP HUGO REISINGER, 
AR GENERAL 
T SALES AGENT 38 Beaver Street, New York. 
39-41 Sole Agent for the United States and Canada. 


Wy 


CORTLANDT ST., 
NEW YOAK 


Y 


HARDTMUTH CORED CARBONS FOR DIRECT AND ALTERNATING CURRENT 


a ARC LAMPS. sven anp cass: | 


American Carbon Co.’s Plain and Coated 


CARBONS FOR SERIES ARC LIGHTING. 


| General Western Agents. | CHICACO EDISON CO, 
Dealers in ELECTRIC LIGHTING SUPPLIES, 


A RES AND CABLES. Amm 1309 Adams Street, CHICAGO. 


a AMERICAN ELECTRICIAN. 


by our efficient correspondence method. Thorough instruction in Applied 
Electricity by competent Electrical Engineers, with APPARATUS. Dynamo 
construction, with a direct and alternating current dynamo. Steam Engineering 
and Mechanical Drawing also taught. Terms moderate. Catalogue Free 


ELECTRICITY TAUGHT HOME 


Electrical Supplies ani Apparatus 
OF EVERY DESCRIPTION AT MANUFACTURERS’ PRICES. 
We make a Specialty of Work for Amateurs, 

CLYMER & HEILMAN, 


GET OUR PRICES. Manufacturing Electricians, READING, PA, 


BRYAN & HUMPHREY, fA s. 


Mechanicai and Electrical Engineers. 


Consultations, Reports, Estimates, Plans, Specifications, Superintendence, 
Tests, Purchasing Designs of Central Stations a Specialty. 


ROOMS H & I, TURNER BUILDING ST. LOUIS. 


McINTIRE'S PATENT CONNECTORS AND TERMINALS. 


FUSED WIRE, FUSED LINKS AND STRIPS. 


The C. MoINTIRE CO., 13 & 15 Franklin St., Newark, N. J. 


Fort Wayne Electric Corporation, 
FORT WAYNE, IND. 


Apparatus for Arc, Direct Current and Alternating Incandescent 
Lighting and Power Transmission. 


IRON CLAD RHEOSTAT COMPANY, 


MANUFACTURERS OF 


High Grade Rheostats forai purposes. = Sines. 
7 3 WESTFIELD, N. J., U. S. A. 
o¢ 


Hlectrical Repairing 


Armatures, Transformers and Fields Rewound. 
Commutators made and refilled for any system. 


Pioneer Electric Works, 


B insin N d Second-Hand 
Rlecirieal Machinery. 207 South Canal St., CHICAGO, ILL. 


ARG LAMPS, CARBONS, WIRE, - - - 
ELECTRICAL SUPPLIES AND FIXTURES, 


Chicago General Fixture Co., 
169 ADAMS ST., CHICACO. 
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ree. 
institute for Home Study of Engineering, 71-72 Blackstone Bldg., Cleveland, O. 


A PERFECT — | 
CLUTCH. 


No chance for the rods to jam. No parts to be con- 
tinually renewed. Has a finer adjustment than any other 
clutch, and consequently a saving of current is the re- 
sult. Can be applied to Brush as well as T.-H. lamps. 

We also manufacture Commutators, Segments, Blocks, 
Brushes, Arc Cut-outs and all Arc Lighting Supplies. 


Satisfactory Goods at Satisfactory Prices. 


¥ The Phila. Elec. & Mfg. Co., 


2010 Jones Street, 
Philadelphia, Pa. 


SPLITDORF INDUCTION COILS_--F°-. 


ROENTGEN X RAYS. 

All coils are wound with the cele- 
brated opine! Insulated Wire(silk) 
on highly polished Hard Rubber 
Spoois and monnted on handsomely 
finished mohogany bases with im- 

roved Automatic Break and Pole 

hanges giving a heavy spark. 
SEND FOR PRICE LIST. 


C. F. SPLITDORF, 
17-27 Vandewater St, New York. 


Re" of Commutators ... 


ewinding of Armatures 


PRICES ON APPLICATION. ---A SPECIALTY. 


AMERICAN ARC LAMP SUPPLIES. 


CHAS. J. BOGUE, 
206 Center Street, 


CARBON HOLDERS. | NEW YORK. 
COMMUTATORS. 
REWINDING . . Armat . 
REPAIRING .. . Lighting Dynamos, a 


RECONSTRUCTING 


Special attention given to Street Car Motors, WOVEN WIRE 
Commutators and Appliances. DYNAMO BRUSHES. 


STUCKY & HECK ELECTRIC MFG. CO., Ltd., Newark, N. J. 


Nineteen years’ experience in managing the 
Coustruction of Electrical Machinery. 


Motors, Transformers, 


Long Distance Telephone No. 977. 


AlCatraZ—nnnnonqne 
Electrical Compound 


Manutactured by The California Asphalt Co., 


ABSOLUTELY UNEQUALLED FOR 


ELECTRICAL AND WIRE INSULATION, Insulating Connections, Dyna- 
mos and Motor Bases, Battery and Accumuiator Shelving, Circuit 
and Switch-Boards. 


WATER-PROOFING Cut-Out Boxes, coating wires when subjected to acid 
or aikaline fumes, and when laid under cement, etc. 


PAINTING Poles, Brackets, Cross-Arms, Benches, Floors, etc. 
COATING CABLES, Lead-Covered Pipes, and all underground work. 


57 East 59 Street, 
New York. 


ALCATRAZ ELECTRICAL COMPOUND is manufactured of the celebrated brand of Alcatraz Asphalt, and possesses many 


well-known points of superiority. 
IT WILL NOT SCALE, CRACK or BURN. 


It has been tried under severe and exacting conditions, and has given perfect satisfaction. 
PRESENTS A SMOOTH SURFACE. 


ADHERES TENACIOUSLY. 


NOT AFFECTED BY THERMAL OR CLIMATIC CONDITIONS. 
RESISTS THE ACTION OF THE ELEMENTS, ACIDS, ALKALIS, SEWER GASES, and POSSESSES GREAT STRENGTH and BLASTICITY. 


Being the producers of the raw product, we are enabled to save the middleman’s profit, and offer consumers a superior article at a 
very low price. Samples and full information furnished upon application. 


C. P. WILLIAMS, Sole Agent U. S. A., 39-41 Cortlandt St., New York City. 


DECEMBER, 1896. ] 


AMERICAN ELECTRICIAN. 


INDEX TO ADNERTISERS. 


Abendroth & Root, New York... ... 5 

Acme Oil Filter Co., St. Louis, Mo. . . 6 

American Electric Heating Corporation, 
Boston, New York, Chicago. .... . I 


American Engine Co., Bound Brook, N. J. 21 
Armorite Int. Conduit Co., Detroit, Mich. a 
Baechtold & Parker Electric Co., Brook- 


WOON Views kee ye eee ee Se ee 2 
Ball Engine Co., Erie,Pa......... 22 
Ball & Wood Co., N Yer a one eae 20 
Baragwanath, Wm., & Son, Chicago, Ill. . 15 
Baux, F. A., Chicago, Tense Se & eS eS 6 
Bernard, E. G., Co., Troy, N.Y. .... 24 
Blakeslee Mfg. Co., Du Quoin, Ill. . . . 16 
Bogue, Chas. J., New York. ...... 4 
Brigham, Arthur A., Boston, Mass . . . 17 
Bristol Co., The, Waterbury, Conn.. . . 32 
Brixey, W. R., e Wace seid Gree E on E 28 
Bryan & Humphrey, St. Louis, Mo... . 4 
Buckeye Electric Co., Cleveland, O.. .. 2 


Bullock, M.C., Mfg. Co., Chicago, Ii.. . 22 
California Asphalt Co., "New York... 4 
California Electrical Works, San Fran- 


: cisco, Cale. soe hee ois, ok II 
_ Card Electric Co., Mansfield, O...... 3 
Card Electric Motor & Dynamo Co., Cin- 

cinati, ay seraa Tah dee, BRE tak Si Mas whe “te, ec ae shay A 23 
Channon, H , Co., Chicago, I.. .... 18 
cago n Co., Chicago, Ill.. . 3 
Chicago General Fixture Co., Chicago, Ill. 4 


Chicago Insulated Wire Co., Chicago, Ill. 28 
Chicago Rawhide Mfg. Co., oe Ill. 14 
Clymer & Heilman, Reading, Paco a aA 
Coho, H. B., & Co., 
Colburn Electric Mig. co ‚Fitchburg, Mass. 7 
Comstock, The Louis K., Co. , Chicago, Ill.15 


Cooper, C. & G., oe Mt. Vernon, O. . 20 

Cornell, F. H., & Coc. Ne Ve eee ete ee 2k 15 

Correspondence School ie Technology, 
Cleveland,O. .........24-5 5 


De Veau & Co., 
Dixon, Jos., Crucible Co. , Jersey City, N. J. É 
Eastern Electric Cable Co., Boston, Mass. 11 
Eddy Electric Mfg.Co. ‚Windsor, Conn. . . 25 
Edison Decorative & Miniature Lamp - 
Dept., Harrison, N. J. 


THIS 
TS THE 


E ee ae 


BOILER 


Selected by the College of Physicians and Surgeons for their new power and heating plant. 


acknowledged requirements in water-tube boilers: 


Electrical Mfg. & Supply Co., Manistee, 
MiB ye neo Sein ae Be Oe oe 6 

Electric Appliance Co., Chicago, Ill.. . . 10 

Elliptical Carbon Co., Chicago, n... .15 


Eyanson & Armpriester, Philadelphia, Pa. 9 


Farr Telephone & Construction Supply 
Co., Chicago, Ill.. . 

Fort Wayne Electric Corporation, Fort 
Wayne, Ind.. 2.6 lhaaa aaa 

General Electric Co., Schenectady, N. Y. 28 

Goldmark & Wallace, New York. .... 7 

Gould Packing Co., East vrais Ta Mass. 17 


> 


Gregory Co., Chas. E., Chicago, Ill.. . . 28 
Hadaway, W. S., Jr., New York. ... . 3 
Harrison Electric Co., Chicago, Ill. . . . 12 


Hart & Hegeman Mfg. Co., Hartford, Ct. 14 
Hill, W. S., Electric Co. „New Bedford, Mass14 
Hine & Robertson, New York... ... II 
Huebel & Manger, Brooklyn, N. Y... . 2 


Imperial Chemical Co., Philadelphia, Pa. 15 
Institute for Home Study of peel 2 
Cleveland, © 2.06 356 3.68 S24 
Interior Conduit & Insulation Co., N. Y. 28 
International Correspondence Schools, 
Scranton, Pa. ....... Pe 6 om | ; 
Iron Clad Rheostat Co., Westfield, N: Je- 


Kent Electric Mfg. Co., Worcester, Mass. 


Labman, W. H., Chicago, Dir oricat 16 
Law Battery Co., ING e E E E ee 10 
Leffell, James, & Co. , Springfield, O. . . 22 
Lord, Geo. W., Philadelphia, Pass ...1I8 


Lombard Water Wheel Governor Co., Bos- 


Lounsbury & Co., Chicago, Ill... .. . 15 
McClelland Oil Purifier Co., New York . 12 
McCreary, A. A., N.Y... ....... 15 
McIntire Co., The, Newark, N. J. ae A 
McLennan, K., & Co., Chicago, Il. : e 


McLeod, Ward & Co., "New York. . . 
Manhattan Elect. Supply Co., New York, 6 


Mayo, Virginius J., Chicago, I... .. .22 
Monash-Younker Co., Chicago, Ill... | 16 
-| Morgan, John W., Nashville, Tenn.. | . 20 


Northern Elec. Mfg. Co., Madison, Wis. . 10 


ROOT IMPROVED WATER TUBE BOILER. 


Straight tubes which can be thoroughly inspected and 
cleaned inside and outside ; perfect suspension, allowing free movement of whole boiler expanding and contract- 
ing ; perfect flexibility for the difference in expansion between upper and lower tubes ; 
built to fixed standards ; facilities for making quick and easy repairs which can be done by your own engineer 
or machinist ; a cover joint which can easily be made tight, and frequently broken and replaced without injury; 
provision made to introduce the feed-water where it will not chill and moisten the steam ; provision made to carry 
feed-water impurities direct to the mud drum and not past the ends of the tubes; provision made to supply the 
lower tubes with a bountiful supply of cool water ; the use of the best materials and fittings the market can afford; 
the best possible workmanship; a large disengaging surface for the steam to escape from the water; small cast 
tron pressure parts; ample heating surface to prevent injury to parts should boiler be forced above tts rating. 


Examine these Points in the Improved Root Water-Tube Boiler. 
Send for our lilustrated Catalogue. 


ABENDROTH & ROOT MFG. CO., 28 Cif St., New York City. 
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Ohio Electric Works, Cleveland, O.. . . 
Okonite Co., Ltd.,.N.Y......... 28 


eerie Soa Elec. & Mfg. Co., Philadel- 


phia, P a eee a a Gt, S S a ar S 4 
Phillips Insulated Wire Co., N. Y.. II 
Phæœænix Automatic Filter Co., Racine, 

Wis aa ao ng a a Sock a ks ea a 
Phoenix Glass Co., N. Y......... 16 


Pioneer Electric Works, Chicago, Ill... 4 
Pomeroy, Woltmann & Co., New York . 6 


Prouty Co., The, Chicago, D ea 3 
quaker City Electric Co., Philadelphia, 
ee ee ar ae a ee eee ee A 23 
Reisinger, Hugo, New York....... 3 
Rodrigues, M. R., Brooklyn, N, ¥Y.... 6 
Roth Bros. & Co., Chicago, Il... .. II 


Schiff, Jordan & Co., Vienna, Austria .. 3 
Siemens & Halske Electric Co., Cue: 

ME 25. 0 Gee eet ee ee ee A « #23 
Splitdorf, C. F., New York. ...... 4 
Springfield Engine Stop Co., Springfield, 

Mass 


Standard Underground Cable Co., Pitts- 
DUDS, Pa. aes ee Rak he te See 7 
Stanley Electric Mfg. Co., Pittsfield, Mass. 24 
Sterling Varnish Co., Pittsburgh, 1 Pa... 2 
Stewart Heater Co. , Buffalo, N.Y... . .18 
Strong, Ira J., Hartford, Conn. .... 12 
a. & Heck Elec. Mfg. Co., Ltd., New- 


ark ING Je: rara ee a oe we BE A 
Ppa Electric Co., Dayton, O.. ... 6 
Varley Duplex Magnet Co., New York. . I5 
Walker Co., Cleveland, O........ 27 
Watts Regulator Co., Lawrence, Mass. . 19 


Western Electric Co., Chicago, Ill.. . . 26 
Western Telephone Cons. Co. „Chicago, Ill. 10 
Westinghouse, Church, Kerr & Co., N. Y. 21 
Westinghouse Electric & Manufacturing 
Co., Pittsburgh, Pa. . ......... 23 
Westinghouse Machine Co. ,Pittsburgh,Pa. 22 
Weston Electrical Instrument Co., Newark, 
Nof esie a a oe a ee a ee Oe I5 
Wirt, Chas., Philadelphia, Pa. . . 
Willard Elec. & Battery Co., Cleveland, O. 16 


Younglove & Gere, Syracuse, N.Y... 9 


SIververerservirerseveererse arenes eres eevee severe seven 


Investigation 
will show you that it is used by the leading electrical plants of the country. The following are the 


interchangeable parts, 
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Successors to 


SHAWHAN-THRESHER ELECTRIC CO. 


MANUFACTURERS OF 


Electrical Machinery, 


24 N. Main St., DAYTON, 0. 


aa 
PT 


Se G tol anon, g 7 o |For Sale--A Bargain. 
Sy Sre e| BOYLE, |E p vare 
aa Kin vested by usi : i dP 
F ap ace” |PHOTOGRAPHIG J mes sytem 
b 4 O i L Wholesale and Retail. Three Multipolar generators, 120 k. w. each, speed 
Pamphlet, 64 pages, free. 550, for 550 volts; two so h. p. multipolar motors, 220 
g F! LTE R Write us for prices on any article for above | and 250 volts; three 125 volt, direct current, incan- 


supplies. We can save you money. descent lighters, 32 k. w., 55 k. w., 6o k. w.; also 
Redeems your 


Drip Oil Regular Electrical Supply Catalogue, 224 | switchboards, switches and instruments. 
fee: rip vu. pages, 10 cents. 
=; E FILTER CO., Sa F. A. BAUX 
APA h: FL a R c0 Manhattan Electrical Supply Co. ’ 
Patented July 2 8 189r. St. Louis, Mo. 


30 Cortlandt St.. New York 1002 Chamber of Commerce Bidg., Chicago. 


13 7, 
of your OIL BILLS saved by using the 
TRACY Patent OIL FILTER. Perfect 
Filtration fully guaranteed. Free. Our 
Treatise on Oil. Write for it. 


we 
Phoenix Automatic Filter Go., 


RACINE, WIS., U. S. A. 


Entire Satisfaction is Given by 
the use of 


— AJAX 


Enclosed 
Arc Lamp. 


Premier Medical Battery 


Polished hardwood cabinet, nickle 
trimmings. Dry cell. No acids to 
spill. Price, $7.00. Express paid. 


> M. R. RODRIGUES, Brooklyn, N. Y. 


It has Positive Feed, 
Triple Valves, 
No Dash Pots or Springs. 


AGENTS WANTED 


In every town and city in the U. S. to sell Private Line and Exchange 
Telephones. We make largest variety and best 'phones in the market: 
Write for particulars. 


ELECTRICAL MFG. & SUPPLY CO., Manistee, Mich. 


Electrical Books. 


Any electrical book published will be 
sent postphid on receipt of price by 


Burns 150 Hours. 


Self Supporting Outer Globe 
Holder is Simple and Fits 
Standard Globe. 

See Cut. 


Pomeroy, Woltmann & Co., 


American Electrician Co., 
Havemeyer Building, New York. 


\ 43 Cortlandt Street, 
NS ilies a L New York. 


Send for Catalogue. 
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CLASSIFIED 
LIST OF ADVERTISERS. 


ACCUMULATORS.—(See Batteries, Storage.) 


AIR-BRAKES. 
Standard Air-Brake Co., New York. 


ANNUNCLATORS.—(See Supplies.) 
ARC LAMPS.—(See Lamps, Arc.) 


BATTERIES, PRIMARY. 
Electric Appliance Co., Chicago, Ml. 
Law Battery Oo., New York. 
Ohio Electric Works, Cleveland, O. 
Standard Slectrical Works, Cincinnati, O. 
Western Electric Co., Chicago, Jl. 


BATTERIES, STORAGE. 


Law Battery Co., New York. 
Willard Electric & Battery Co., Cleveland, O 


BELLS. 
Electrical Appliance Co., Chicago, IM. 
Huebel & Manger, Brooklyn, N. Y. 
Law Battery Co., New York. 
Standard Electrical Works, Cincinnati, O. 
Western Electric Co., Chicago, Ill. 


` BELT DRESSING. 

Chicago Rawhide Mfg. Oo., Chicago, Ill. 
Dixon, Joseph, Crucible Co., Jersey City, N. J. 
Schieren, Chas. A., & Co., New York, 


BELTING. 
Chicago Rawhide Mfg. Co., Chicago, I. 


BOILERS. 
Abendroth & Root, New York. 


BOILER COMPOUNDS. 


Imperial Chemical Oo., Philadelphia, Pa. 
Lord, Geo. W., Philadelphia, Pa. 


BRUSHES, DYNAMO AND MOTOR. 


Elliptical Carbon Co., Chicago, Ill 

Goldmark & Wallice (Koch), New York. 
Philadelphia Elec. & Mfg. Co., Philadelphia, Pa, 
Standard Electrical Works, Cincinnati, U. 
Washington Carbon Co., Pittsburgh, Pa, 

Wirt, Chas., Philadelphia, Pa. 

Younglove & Gere, Syracuse, N. Y. 


CABLES, ELECTRIC.—(See Wires.) 


CARBONS, BATTERY. 


Law Battery Co., New York. 
Washington Carbon Co., Pittsburgh, Pa. 
Western Electric Co., Chicago, Ill 


CARBONS, ELECTRIC LIGHT. 
Chicago Edison Co., Chicago, Il. 
Electric Appliance Co., Chicago, IL 
General Electric Co., Schenectady, N. Y. 
Reisinger, Hugo, New York. 

Schiff, Jordan & Co., Vienna, Austria. 
Western Electric Co., Chicago, L. 


CARS, ELECTRIC. 
Stephenson, John, Co., Ltd., New York. 


CASTINGS.—(for Model Engines, etc.) 
Lowell Model Co., Lowell, Mass. 


CHEMICALS. 


Law Battery Co., New York. 
Lord, Geo. W., Philadelphia, Pa. 
Western Electric Co., Chicago, Ill. 


COMMUTATOR BARS. 


Baechtold & Parker Electric Co.. Brooklyn, N. Y. 
Bogue, Chas. J., New York. 
Forest City Electric Co.. Cleveland, O. 

` General Electric Co., Schenectady, N. Y. 
Philadelphia Elec, & Mfg. Co., Philadelphia, Pa. 
Stucky & Heck Electric Mfg. Co., Newark, N. J. 


Standard Underground Cable Co. 


Colburn Electric Mfg. Co., 


FITCHBURG, MASS., 
Manufacturers of 


Incandescent Lighting, Electric Power 
and Electro-Plating Machines. | 


The Latest Designs. The Highest Efficiency. 
Send for Catalogue D. 


Koch Woven Wire 
Tube Dynamo Brushes. 


The German Brush. 


GOLDMARK & WALLACE, 


Agents for U. S., 
29 Chambers Street, New York. 


COMMUTATOR COMPOUNDS. - 

McLennan, K., & Co., Chicago, Ill, 
CONDUITS, INTERIOR. 

Armorite Interior Conduit Co.. Detroit, Mich. 

Interior Conduit & Insulation Co., New York. 
CONDUITS, UNDERGROUND. 

Standard Underground Cable Co., Pitteburgh, Pa. 
CONNECTORS AND TERMINALS. 

McIntire Co., The, Newark, N. J. 
CONTRACTORS. 

Comstock, Louis K., Co., Chicago, Il. 

General Electric Co., Schenectady, N. Y. 

Siemens & Halske Electric Co., Cleveland, O. 

Walker Co., Cleveland, O. 

Westinghouse, Church, Kerr & Co., New York. 

Westinghouse Electric & Mfg. Co., Pittsburgh, Pa. 
CONVERTERS.—(See Transfermers.) 
COOLING TOWERS. 

Wheeler Condenser & Eng. Co., New York. 
CORRESPONDENCE SCHOOLS. 

Correspondence School of Technology, Cleveland. O. 

arrears for Home Study of Engineering, Cleve- 

an 


ca Correspondence Schools, Scranton, 
a. 


CROSS ARMS. 


Electric Appliance Co., Chicago, Ill. 
Standard Electrical Works, Cincinnati, O, 
Western Electric Co., Chicago, Ill. 


CROOKES TUBES. 


Edison Decorative & Miniature Lamp Dept., 
Harrison, N. J. 


CUPS, POROUS. 
Law Rattery Co., New York. 
Western Electric Co,, Chicago, Ill. 
CUT-OUTS.—(See Switches.) 


DAMPER REGULATORS. 

Watts Regulator Co., Lawrence, Mass, 
DESK LIGHTS. 

McLeod, Ward & Co., New York. 


DYNAMOS.—(See Meters and Dynames.) 


ELECTRICAL REPAIRING. 
Baechtold & Parker Electric Co., Brooklyn, N. Y. 
Pioneer Electric Works, Chicago, Ill. 


ELECTRO-MAGNETS.—(See Magnets, Elec- 
tro.) 
ELECTRO-MEDICAL APPARATUS. 
Law Battery Co., New York. 
Ohio Electric Works, Cleveland, O. 
ELECTRO-PLATING MACHINES. 
Card Electric Motor & Dynamo Co., Cincinnatl,O. 
Colburn Electric Mfg. Co., Fitchburg, Mass, 
ENGINEERS, CONSULTING ELECTRICAL. 


Bryan & Humphrey, St louis, Mo. 

Comstock, L. K., Co.. Chicago, Ill. 

Hadaway, W. 8., Jr., New York. 
Westinghouse, Church, Kerr & Co., New York. 


PITTSBURC, NEW YORK, CHICACO. 


ENGINES, GAS & GASOLINE. 
Prouty Co., The, Chicago, Ill. 
ENGINES, STEAM. 
American Engine Co., Bound Brook, N. J. 
Bali Engine Co., Erie, Pa. ; 
Ball Wood Co., New York. 
Bullock, M. C., Mfg. C0., Chicago. 11. 
Cooper, C. & G., & O0., Mt. Vernon, O. 
Westinghouse, Church, Kerr & Co., New York. 
Westinghouse Machine Co., Pittsburgh, Pa. 
ENGINE STOPS. 
Springfield Engine Stop Co., Springfield, Mass. 
FANS, VENTILATING. 


Chicago General Fixture Co., Chicago, LL. 
Electric Appliance Co., Chicago, DL. 


FEEDWATER HEATERS.—(See Heaters and 
Purifiers, Feedwater). 
FIRE ALARMS. 
Western Electric Co., Chicago, Ni. 
FIXTURES, ELECTRIC AND COMBINA- 
TION. 


Chicago General Fixture Co.. Chicago, NL 
Cutter Electrical £ Mfg. Co., Philadelphia, Pa. 
Electric Appliance Co., Chicago, IL 


FURNACES, ELECTRIC. 
Hadaway, W. B., Jr., New York. 


GEARS AND PINIONS. 
Chicago Rawhide Mfg. Co., Chicago, IN. 
Walker Co., Cleveland, O. 


GENERATORS.—(See Meters and Dynames.) 


GLOBES AND GLASSWARE, ELECTRIC. 


_ Electric Appliance Co., Chicago, Ill. 
Phoenix Glass C0., New York. 


GOVERNORS, WATER-WHEEL. 
Lombard Water Wheel Governor Co., Boston, Mass. 


GRAPHITE. 
Dixon, Joseph, Crucible Oo., Jersey City, N. J. 


GRATES, SHAKING. 
Labman, W. H., Chicago, N 


HEATERS AND PURIFIERS, FEEDWATER. 


Baragwanath, Wm. & Son, Chicago, OL 
Hine & Robertson, New York, 


HEATING DEVICES, ELECTRIC. 
American Electric Heating Corporation, Boston, 
New York, Chicago. 


INCANDESCENT LAMPS.—(See Lamps, In- 
candescent.) 


INDICATORS. 
Hine & Robertson, New York. 


INJECTORS, OIL. 
Cornell, F. H., & Co., Buffalo, N. Y. 


INSULATORS AND INSULATING 
TERIALS. 


Electric Appliance Co., Chicago, Il. 
Sills, W. H., & Co., Chicago, Ml. 
Western Electric Co., Chicago, Ml. 


MA» 


INSTRUMENTS, ELECTRICAL. 
Electric Appliance Co., Chicago, Ml. 
General Electric Co., Schenectady, N. Y. 
Iron Clad Rheostat Co., Westfield, N. J. 
Law Battery Co., New York. 
Ohio Electric Works, Cleveland, O. 
Western Electric Co., Chicago, Ill. 
Weston Electrical Instrument Co., Newark, N. .. 


Telegraph and Telephone Wires and Oables’ 
Underground, Submarine, Aerial. 
Street Kailway and Electrio Light Wires 
and Qables, Underground and 
Overbead. 
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LAMPS, ARC. 
Baechtold & Parker Electric Co., Brooklyn, N. Y. 
General Electric Cn., Schnectady., N. Y. 
Pomeroy, Woltmann & Co., New York. 
Siemens & Halske Electric Co., Chicago, IU. 
Standard Electrical Works, Cincinnati, O. 
Western Electric Co., Chicago, IN. 
Westinghouse Electric & Mfg. Co., Pittsburgh, Pa. 


LAMPS, INCANDESCENT. 
Buckeye Electric Co.. Cleveland, O. 
Electric Appliance Co., Chicago., Ill, 
General Electric Co., Schenectady, N. Y. 
Law Battery Co., New York. 
Ohio Electric Works, Cleveland, O. 
Standard Electrical Works, Cincinnati, O. 
Western Electric Co., Chicago, Ml. 
Westinghouse Electric & Mfg. Co., Pittsburgh, Pa. 


LIGHTNING ARRESTERS. 


General Electric Co., Schenectady, N. Y. 
Western Electric Co., Chicago, Ill 
Westinghouse Electric & Mfg. Co., Pittsburgh, Pa, 


LUBRICANTS.—(See Olls and Lubricants.) 


MACHINERY, LATHES, TOOLS, ETC. 
Monash-Younker Co., Chicago, Il. 


MAGNETS, ELECTRO. 


Law Battery Co., New York. 
- Varley Duplex Magnet Co., New York. 


MODEL WORK.—(See Patterns and Model 
Werk.) 


MOTORS AND DYNAMOS. 


Bernard, B. G., Co., Troy, N. Y. 
Card Electric Co., Mansfeld, O. 


Card Electric Motor and Dynamo Co., Cincinnati,O. 


Coho, H. B., & C0.. New York. 

Crocker-Wheeler Electric Co., New York. 

Eddy Eliectrio Mfg. Co., Windsor, Conn. 

Fort Wayne Electric Corporation, Fort Wayne, Ind, 
General Electric Co., Schenectady, N. Y. 

Kent Electric Manufacturing Co., Worcester, Mass. 
Law Battery Co., New York. 

Lounsbury & Co., Chicago, Ill. 

Quaker City Electric Co., Philadelphia, Pa, 

Mayo, Virginius J., Chicago, Ill. 

Northern Electrical Mfg. Co., Madison, Wis. 
Rodrigues, M. R., Brooklyn, N. Y. 

Roth Bros. & Co., Chicago, IN. 

Siemens & Haiske Electric Co., Chicago, IlL 
Thresher Electric Co., Dayton, O. 

Walker Co., Cleveland, O. 

Western Electric Co., Chicago, M. 

Westinghouse Electric & Mfg. Co , Pittsburgh, Pa. 


OILS AND LUBRICANTS. 


Dixon, Joseph, Crucible Co., Jersey City, N. J. 
Lord, Geo. W., Philadelphia, Pa. 


OIL FILTERS. 


Acme 0il Filter Co.. 8t. Louis, Mo. 
Hine & Robertson, New York. 
Phoenix Automatic Filter Co., Racine, Wis. 


OIL PURIFIERS. 
McClelland Oil Purifier Co., New York. 


PACKING. 
Gould Packing Co., E. Cambridge, Mass. 


PAINTS, INSULATING. 


California Asphalt Co., New York. 
Dixon, Joseph, Crucible Co., Jersey City, N. J. 
Standard Paint Co., New York. 


PIPE OILERS. 
Morgan, John W., Nashville, Tenn. 


DIXON’S PURE, FOLIATED, 
DRY AMERICAN GRAPHITE 


JOS. DIXON CRUCIBLE CO., 


PLANINMETERS 

Hine & Robertson, New York. 
PLATINUM. - 

Huebel & Manger, Brooklyn, N. Y. 


POLES. 
Standard Electrical Works, Cincinnati, O. 


PRESSURE REGULATORS. 
Watts Regulator Co., Lawrence, Mass. 


PUMPS, STEAM. 
Blakeslee Mfg. Co., Du Quoin, Ill. 


PURIFIERS, FEEDWATER.-(See Heaters 
and Purifiers.) 


RAILWAY EQUIPMENTS, ELECTRIC. 


General Electric Co., Schenectady, N. Y. 

Siemens & Halske Electric Co., Chicago, Ill. 
Walker Co., Cleveland, O. : 

Westinghouse Electric & Mfg. Co., Pittsburgh, Pa. 


RAILWAY SUPPLIES.—(See Suppiies.) 


REFLECTORS AND SHADES, 


Electric Appliance Co., Chicago, Ill 
Mc Creary, A. A , New York. - 
Phænix Glass Co.. New York. 


RHEOSTATS. 
Iron Clad Rheostat Co., Westfeld, N. J. 


ROENTGEN RAY INDUCTION COILS. 
Splitdorf, C. F., New York. 


ROPE FOR TRANSMISSION OF POWER. 
Brigham, Arthur A., Boston, Mass. 
Channon, H., Co., Chicago, Ml. 


SECOND-HAND APPARATUS. 


Baechtold & Parker Electric Co., Brooklyn, N. Y. 
Coho, H. B., & Co., New York. 

Gregory, Chas. B., Co.. Chicago, NL 

Pioneer Electric Works, Chicugo, 111. 


SEPARATORS, STEAM. 


Monash-Younker Co., Chicago, NL 
Westinghouse, Church, Kerr & Co., New York. 


SPEAKING TUBES. 


Electric Appliance Co., Chicago, Ill. 
Westera Electric Co., Chicago, IL 


STEAM TRAPS.—(See Traps.) 


STOKERS. 
Westinghouse, Church, Kerr & Co., New York. 


SUPPLIES, ELECTRICAL.—(General.) 


Chicago Edison Co., Chicago, NL 

Chicago General Fixture Co., Chicago, Ill. 
Clymer & Heilman, Reading, Pa. 

Electric Appliance Co., Chicago, IN. 

Electrical Exchange, Chicago, Ill. 

Gates, J. Holt, Chicago, I 

Huebel & Manger, Brooklyn, N. Y. 

Law Battery Co., New York. 

Manhattan Electrical Supply Co., New York. 
McCreary, A. A., New York. 

McIntire Co., The, Newark, N. J. 

Quaker City Electric Co., Philadelphia, Pa. 
Onio Electric Works, Cleveland, O. 
Philadelphia Elec. & Mfg. Co., Philadelphia, Pa. 
Western Electric Co., Chicago. IIL 


SWITCHES AND SWITCHBOAEDS. 


Electric Appliance Co., Chicago, I. 
Eyanson & Ampriester, Philadelphia, Pa. 


General Electric Co., Schenectady, N. Y. 
Hart & Hegeman Mfg. Co., Hartford, Conn. 
Hil, W. 8 . Electric O0., New Bedford, Mass. 
Huebel & Manger, Brooklyn, N. Y. 

Stanley Electric Co., Pittsfield, Mass. 
Western Electric Co., Chicago, Ill. 


TAPES, INSULATING. 


Eastern Electric Cable Co., Boston, Mass. 
Electric Appliance Co., Chicago, Ml. 

Okonite Co., New York. 

Standard Electrical Works, Cincinnati, O. 
Standard Paint Co., New York. 

Standard Underground Cable Co., Pittaburgh, Pa 
Western Electric Co., Chicago, Ill. 


TELEGRAPH APPARATUS. 


Electric Appliance Co , Chicago, ILL 

Ohio Electric Works, Cleveland, O. 
Standard Electrical Works, Cincinnati, O. 
Western Electric Co., Chicago, Ill. 


TELEGRAPH POLES.—(See Peles.) 


TELEPHONES. 


De Veau & Co., New York. 

Electrical Mfg. & Supply Oo., Manistee, Mich. 

Electric Appliance Co., Chicago, IIL 

Farr Telephone & Construction Supply Co., Chi- 
cago, Ill. 

Harrison Electric Co., Chicago, TL 

Law Battery Co., New York. 

Ohio Electric Works, Cleveland, O. 

Standard Electrical Works, Cincinnati, O. 

Western Electric Co., Chicago, IL. 

Western Telephone Construction Co., Chicago, Ill. 


TRANSFORMERS, 
Electric Appliance Co., Chicago, Ill. 
General Electric Co., Schenectady, N. Y. 
Westinghouse Electric & Mfg. Co., Pittsburgh, Pa. 


TRAPS, STEAM. 
Monash-Younker Co., Chicago, DL 


VARNISHES. i 
Sterling Varnish Co., Pittsburgh, Pa. 


VENTILATING FANS.—(See Fans.) 


VOLTMETERS AND AMMETERNS. 
Bristol Co., The, Waterbury, Conn. 


WATER WHEELS. 


Leffel, James, & Co., Springfield, O. 
Strong, Ira J., Hartford, Conn. 


WATER WHEEL GOVERNORS. 
Lombard Water Wheel Governor Co., Boston, Mass. 


WIRES AND CABLES. 


Brixey, W. R., New York. 

Chicago Insulated Wire Co., Chicago, IIL 

Eastern Electric Cable Co., Boston, Mass. 

Electric Appliance Co., Chicago, Ill. 

Electrical Exchange, Chicago, Ill. 

Okonite Co., Ltd., New York. 

Phillips Insulated Wire Co., New York. 

Safety Insulated Wire & Cable Co., New York. 
Standard Underground Cable Co., Pittsburgh, Pa. 
Western Electric Co., Chicago, IL. 


X RAY APPARATUS. 


Edison Decorative & Miniature Lamp Dept. 
Harrison, N. J. 


PERFECT LUBRICATOR. 


Its enduring qualities are several times greater than those of any oil. Unlike either oil or grease, it is not affected by heat, cold, 
steam, acids, ete., and acts equally well under the most varying conditions of temperature and moisture. i 
tain substances fatal to anti-friction purposes, namely, quartz or grit. 
poses is a matter requiring large skill, much machinery and great experience. \ 
of sizing and dressing, peculiar to ourselves, have produced a graphite unequalled for purity, for correct size of flake and unrivaled 
for lubricating qualities. 


Its natural impurities con- 


Its proper selection, sizing and peri etine for lubricating pur- 
We have made this a special stu 


y, and, by methods 


MANUFACTURED AND WARRANTED ONLY BY THE 


_ = is ‘s JERSEY CITY, N. J. 


S AND SWITCH BOARDS— 


PHILADELPHIA, PA. 


ma 


CHICAGO: 
Metropolitan Electric Co. 


3 


NEW YORK: 


Chapin & Dougias, 
136 Liberty Street. 


J 


Write for 
Catalogue, 


PRICES and 
DISCOUNTS. 
Installed in St. Charles Hotel, Atlantic City, N. J. 


The King of all Dynamo Brushes. 


THE WOVEN WIRE VENTILATED 


Dynamo Brush, 


Suitable for Incandescent Dynamos, Plating Dynamos, 
Alternating Generators and Exciters, Electric Railway 
Generators, Multipolar and Stationary Motors. 


s 
A 
x 
x 


YY 


Trial orders sent to 
responsible parties on applica- 
tion, stating size and number of 
Say brushes required for machine. 


We Manufacture all Styles of 
Woven Wire Brushes. 


GET OUR PRICES. 


a a 
E 
SELLING AGENTS: 
W. H. Van Wart, 230 Pearl Street, New York. 
F. E. Perry, Murdock Building, Cincinnati, Ohio. 
Pueblo Electric Co., Pueblo, Col. 
Rumsey Electrical Mfgrs. Co., 1217 Filbert St., Philadelphia, Pa. 
Northwest Fixture Co., Seattle, Wash. 
J. W. Braid, 316 N. Market Street, Nashville, Tenn, 


VO, 


YOUNGLOVE & GERE, Manufacturers. 
ane, a ee 


312 East Cenesee St., SYRACUSE, N. Y., U.S. A. 
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PLACE ORDERS NOW Northern Electrical Mfg. Co., 


For delivery after January first if you desire to get 
the benefit of the present low prices. The tendency 
of the market is to advance, and if the beginning 
of the New Year witnesses the advent of long- 
looked-for prosperity prices will go up. ae 

We are ready to book your orders for G <— DIT ps 


ELIG-EL GRADE 


Electrical Supplies and leading specialties. Write 
us about it. 


MADISON, WIS. 


STEEL Gi AD 


MANUFACTURERS OF 


Aam MOTORS 2 DYNAMOS. 


Our machines operate SUS- 
PENDED from CEILING 
OVERHEAD or BOLTED DI- 
RECT to SIDE WALL as read- 
ily as if occupying floor space 
in the ordinary manner. See 
r our new patented device for 

Ee NM A aed CS DI- 
6 s j z O IN SHAFT 
Electric Appliance Co., SAVING BELTS, PULLEYS AND FLOOR SPACE. 


ELECTRICAL 242 Madison Street, CHICAGO. The U. S. Government has adopted Northern Electric Machines for use in 


— 


SUPPLIES. the New Library of Congress Building at Washington. 
IMPORTANT !! Rontgen Ray Apparatus 
LARGE STOCK OF NEW OF ALL KINDS. 


HIGH SPEED AUTOMATIC 


maak ik Gace ELECTRIC SIGNS. 


At two-thirds of regular price in next thirty days. MINIATURE AND 


A | DECORATIVE LAMPS. 
Guaranteed in Every Particular. i». 


Catalogues on Application. 
If you are likely to be in the market, write 


at once for prices and other particulars. Edison Decorative and Miniature Lamp Department, 
‘© ENGINES,” =- + e «© care of American Electrician, (GENERAL ELECTRIC CO.) 
Havemeyer Building, New York. HARRISON, N. J. 


WESTERN TELEPHONE CONSTRUCTION CO., | ssccsics, siete rrerernes sede its andtaher matincering Courses 


Special course in advanced mathematics. Instruction by mail. 


250 S. Ciinton Street, CHICAGO. Send for Catalogue. 
THE CORRESPONDENCE SCHOOL OF TECHNOLOGY 
Largest manufacturers of Telephone Apparatus in the World. aii Superior Street» Cleveland’ ORIG: : 


IF YOU WISH | SPECIALTIES, 
GOODS THAT | | BATTERIES, 
YOU CAN i a E 
A = MEDICAL 
GUARANTEE, A z. APPARATUS. 
PATRONIZE US. z wt tt 
18 YEARS’ : | Law Battery bo, 
REPUTATION. | | CRANFORD, NEW JERSEY. 


THIS SPACE FOR RESULTS OF TRIALS. 
M M f | A 0 Send for free sample stick and iet us have the results. 
Your experience wiil be of value to your neighbor. 


REPORTS. 


S parking and Cutting a thing “We nave ore your a n Compound and for our 
of the past. use SPRING VALLEY ELEC. LIGHT & INV. CO. 
Is the only article that will PREVENT SPARKING. | iio pes Aes Se 


“We have tried your sample of Gale's Commutator 
Compound on several sizes of direct current generators 
and alternating current ‘gacironou motors having 
multiple Commutators. The application of same was 
attended with very satisfactory results. A slight spark- 
ing occurs at the moment of applying the Compound. 
This, however, disappears instantly. and the Commu- 
tator assumes a hard gloss. We would recommend it to 
those having trouble with sparking, cutting of Commu- 
tators, ete.” FT. WAYNE ELEC. CORPORATION. 

Fort Wayne, Ind. E. H. BARNES. 


Wiil keep the Commutator in good condition and PREVENT 
CUTTING. 
ABSOLUTELY WILL NOT CUM THE BRUSHES. 


A single stick of compound will save you anywhere from five to several hundred dollars ia the 


increased life of your commutators, 
ENDORSED BY Ask Supply H 66 1c» 
ALL USERS...” "and take no other. 


ia a e a i 


“The sample of Gale’s Commutator Compound''which 
0 you sent us some days ago we have given acareful trial 
K AR L N w A N and we oir much pleased wate the oe re does ab- 

solutely all that you claim for it, entirely doing awa 
n Cc E & CoO., Sole Mfrs., with sparks and giving the Commutator a clean, hard, 
N.W. C D b dAd pon appearance. We shall certainly continue the 

ew. Cor. Dearborn an ams Stre use of this 'dynamo-necessity.’ ” 
8 ets, Very truly yours, THE O. C. WHITE CO. 
CHICAGO, ILL, Worcester, Mass, Per O. C. WHITE, JR. 
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you spend in packing your engine is wasted if you do not use 
fd A L E T H E TI M 3 ** EUREKA.’ Thisisa modest claim. Mr. H. A. Twitchell, chief 
qe, engineer Thorndyke’’ Hotel, Boston, packed a duplex elevator pump 
30 4 with Eureka Packing, which has lasted the equivalent of THREE YEARS of the ordinary ten hours per day run, and it is still in per- 


28 ^ A fect order. Don’t this offer an elegant argument that in the interest of economy and saving of labor you should use ‘‘ Eureka?” 


ONLY ONE CENT ™ Hine Eliminator 


To send for our 
Catalogue of the 


Robertson-Thompson 
Indicator, i 


ĝ | | Victor Reducing Wheel 
Seas $15. 


The oldest and most perfect device for sep- 
arating water from live steam, and oil from the 
exhaust. An INSURANCE POLICY against 
wrecked engines and pitted, foaming boilers. 


| Let as send you a book on it. 
THAT CATALOGUE also describes 


Robertson’s Steam Separator and Oil Extractor, Shaking 
Grate Bars, American Feed Water Heater, Kellam Damper 


5 each. Regulators, and many other high-grade specialties. 
SCALES 


Sent for a HINE & ROBERTSON CO., 


Two-Cent Stamp.| Whydom'tyousend Now? | 37 cortLanpT STREET, NEW YORK CITY. 


Narr ews 


MOR : 
z Wee 
- B4 
zt Li 
(7 ee 
af fA > 
à + 3 = - 


mE 


A Card Containing Lippincott or 
INDICATOR ieee Pianimeters, 


COOQOQOQOQOOEO QOOOQOOQOOSH 0O.0.00.0.000 00.00.0000 OOOO00000, - 


ELECTRICITY THOROUGHLY TAUGHT BY MAIL. 


The er aera school is the best way fora man who cannot attend college to gain a technical education. The education 
is thorough and practical. The cost is small. Instruction and question papers, prepared especially for home study, are furnished 
free. Our schools are endorsed by electrical engineers, managers of electrical establishments and the leading technical papers. 
Mechanical-Electrical Scholarship for those who desire to become electrical engineers. Electrical Power and Lighting Scholarship 
for those who desire to study the theory of the operation and installation of electric light, power and railway plants. ~- 
Write for free electrical circular. Address, 


$ THE INTERNATIONAL CORRESPONDENCE SCHOOLS, - Box 1025, Scranton, Pa. $ 
(oXeKXeXexeexexXe) (OXOXOXOXOXOXOXE) 0O,0,0,0,0,0,0,0 OOO00000 0O,0,0,0,0,0,0,0 
Dynamos and Electric Motors. == 
| 


itt cree sao nuo {ELECTRIC CURLING IRON HEATER 


CODQOOSGOOQOO 
DDDOOOOOOOS 


CC 


eer We make dynamos of any capacity from 10 lights up 
maiga tO 75 lights. Suitable for private lighting to be run b 


Gas or Gasoline Engines. Isolated plants for small ; 
Pastorie Hotels: Groves Steanhoais. ete. Manufactured by the American Electric Heating 
Full instructions sent with each machine, no experi- Corporation, renders unnecessary the use of candles, 
ence required. Low prices and satisfactory operation alcohol, etc., in the toilet room. 
guaranteed. It heats the iron quickly, is perfectly clean, and 
ROTH BROS. & CO., Manufacturers, can be attached to any lamp socket. 
32 Market Street, e CHICAGO, ILL. Has an automatic arrangement which shuts off the 


current when the Iron is removed, thus saving expense 


H. B. COHO & COMPANY, lighting "circuit, State kind of plug end voltage 
when ordering. 


ELECTRICAL MACHINERY amm PRICE, $3.00. 


NEW AND SECOND HAND. Send for circular of Electric Heating Devices for 
Contractors for Direet Connected and Belted Light and Power kitchen and laundry. sii cite ac Catalnas AE bai Cae Heaters 
Generators. Alternating Apparatus. THE 


Boston, Sears Bldg. 


Room Gil, 203 Broadway, + NEW YORK, | American Electric Heating Corporation, Chicago, Homedmock Bldg.” 


PHILLIPS INSULATED WIRE CO. 


Office and Factory, PAWTUCKET, R. I. 


AGENCIES: 


WESTERN ELECTRIC C0., - - New York. ST.LOUIS ELECTRICAL SUPPLY CO., St. Louis, Mo. 

ELECTRIC APPLIANCE CO., - Chicago. BRADFORD BELTING C0, - . Cincinnati, O. 

PETTINGELL-ANDREWS CO., Boston, Mass. ELECTRICAL ENGINEERING CO., Minneapolis, Minn. 
CALIFORNIA ELECTRICAL WORKS, San Francisco, Cal. 


THE “CLARK” WIRE 


In a Letter from the Inspector of the Boston Fire Underwriters’ Union, hestates: 


‘"A Thoroughly Reliable and Desirable Wire in Every Respect.” 


For Switchboard, Railway and Motor use, we make all aizes of Stranded and Flexible 
Wire and Cables with Clark's Insulation. 

The Clark Wire has been before the public and in use for the past nine years, and has 
met with universal favor. Thousands of miles of this wire have been sold, and are in use 
throughout the United States and foreign countries, and the demand for it ts constantly 
increasing, because it always gives perfect satisfaction. 

The Rubber used in insulating our Wires and Cables Is especially chemically pre- 

LBA < i pared and will not deteriorate, oxidize or crack and will remain flexible in extreme cold 
i Wa very A weather, and is not affected by heat. 
Dr yi We guarantee our Insulation wherever used, rial, Underground or Submarine, and 


` oe “| o3 
à j x s 
iti Ri i 4; i i 


TEA 
: 


i 
» 
A 


Z 
-> 


i 
tt Ai MOT 
it Mi ihe HMAC) Ly beeen 
; À Un (NINN Mit pent) i: cece Te T our net prices are as low, if not lower, than any other first-class Insulated Wire. 
um L] i) X iy Thre ee We shall be pleased to mail catalogues with terms and discounts for quantities. 
5, Se NE EASTERN ELECTRIC CABLE CO. 
Re $ The ~ re ct. Henry A. CLARK. Treas. & Gen’l Mer. 61-63 Hampshire St., Boston, Hass. 
I, pe Se o mat > HrrRBERT H. Evstis, Pres. & Electrician. SEND FOR CATALOGUB, 
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WANTED. 


W ANTED.-—^4 practical steam and electrical engineer, who can invest 

$10,000, to join the advertiser in operating an electric 
light and ice plant. Best of references given and required. Address J. D. 
GERLACH, Chester, Illinois. 


Not Like Other BRUSHES se Pezer to Bay. 


CHARLES WIRT, 
1028 Filbert St., Philadelphia. 


% B. McKEAGUE, 
369 Wabash Ave., Chicago. 


Is saving 75 per cent 
of your Oil Bills 
an object to you? 


The McClelland Oil Purifier does 
it and makes your waste oil 
equal to the original; thirty 
days’ trial. NOT a filter; 
water and heat the only suc- 
cessful method known. 

An ornamental storage Res- 
ervoir. No clogging; cleaned 
in five minutes. / 

The Latest, Simplest aad Best. 


McCLELLAND OIL 
PURIFIER CO. 
66 Broadway, New York. 


, Manhattan Life Bidg. 
Write for Circular and New Prices. 


F. W. BRADLEY, 

206 Equitable Bldg., Boston. 
AMERICAN ELECT. CO., 
Detroit, Mich. 
WESTERN ELECT. SUPPLY 
CO., Omaha, Neb. 

COMMERCIAL ELECT. 
SUPPLY CO., St. Louis, Mo. 
ELECTRIC SUPPLY 
& CONST. CO., Savannah,Ga. 
H. M. SHAW, 
Diagram shows how wasteful current is choked 126 Liberty St., N. Y. 


s INSTALLING A PLANT FOR LIGHT OR POWER? 
Are Yo u G 0 nte m p [ a ti n We have a 48-inch ** Sea ll LEFFEL WATER WHEEL, Bronze Gates, Iron Case, 


Mortise Gears, our Pinion. 


WHO WANTS IT FOR LITTLE MONEY? 


IRA J. STRONG, 267 Asylum Street, HARTFORD, CONN. 


- THE .. YOU WILL CONFER A FAVOR 
Harrison Improved Telephone Both upon the advertiser and the publisher, 
CONSISTS OF THE if you will mention the American Electrician 
Harrison Improved Transmitter, when writing to companies whose announcements 


Receiver, Telephone Hook, 
Open Circuit Magneto Bell, 


Backboard Battery Box and 
Battery. 


It has no infringing shunt circuit to its magneto 
11 


appear in this paper. 


55 
‘Telephones 
From $5 up to $25. 
For Factories, Private 


Lines and Exchanges. 


Send for latest Price List. 


DeVEAU & CO., 


32 and 34 Frankfort Street, New York. 


No infringing solid stationary back to its trans- 
mutter. 

No infringing automatic telephone hook. 

Noinfringing push-in crank toits magneto bell. 

It isthe outgrowth of Dr. Harrison'svictory in the 
United States Court—The Only Victory Ever Won. 


Send for circulars and complete information. 


HARRISON ELECTRIC GO., 


155 La Salle St., CHICACO., 


Amorite Interior Conduit Company, è o™™"* 


MANUFACTURERS OF 


IRON ARMORED INSULATED CONDUITS FOR INTERIOR CONSTRUCTION 
Office and Works, 478-480 West Fort St., Detroit, Mich. 


AGENCIES. 


BIBBER WHITE & CO., 620 Atlantic Ave., Boston. . ,VALLEE BROS. & CO., 617 Arch St., Philadelphia. 
ELECTRIC APPLIANCE CO., 242 Madison St., Chicago. THOMAS & HUNTER, Richmond, Va. 
GEO. H. PARKER, Erie County Bank Bidg., Buffalo, N. Y. 


low Ready.) lementary Electro-Technical Seri a Te paraten) 

2 Alternating Electric Currents. E E ro T S ries. Electric Incandescent Lighting. 
Electric Heating. Electric Motor. 
Electromagnetism. BY Electric Street Railways, 
Electricity in Electro-Therapeutics. Edwin J, Houston. Ph.D., and A. E. Kenneily. Sc.D. Electric Telephony. 

Electric Arc Lighting. : é Electric Telegraphy. 


Students of Elementary Electricity, 


And those interested in the subject from a financial or other indirect connection, as well as electricians desiring information in 
other branches than their own, will find in these works precise and authoritative statements concerning the several branches of 
applied electrical science of which the separate volumestreat. The reputation of the authors and their recognized abilities as writers, 
are a sufficient guarantee for the accuracy and reliability of the statements contained. The entire issue, though published ina 
series of ten volumes, is nevertheless so prepared that each book is complete in itself and can be understood independently of the 
others. The volumes are profusely illustrated, printed on a superior quality of paper, and handsomely bound in covers of a special 
design. Cloth. Price per volume, $i. 


Copies of this or any other electrical book published will be sent by mail, POSTAGE PREPAID, to any address in the world on receipt of price. 
AMERICAN ELECTRICIAN COMPANY, Havemeyer Building, New York. 
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Electrical Engineering 
Taught by Mail. ~ ~ 


Studies carried on at home. 


ose 


The International Correspondence Schools, of Scranton, Pa., 
have done more within the last five years to benefit electrical work- 
ers, machinists, steam engineers, and others in need of technical 
instruction than any other educational institution. The system of 
instruction they originated has developed into the largest technical 
school in the world, has overcome the difficulties which attend 
these classes in their efforts to educate themselves at night school or 
by home study with books, has placed technical education within 
reach of thousands who would otherwise have remained in ignor- 
ance of the theories of their trades, and has helped hundreds to be- 
come Superintendents, Foremen, Draughtsmen, Engineers, etc., 
who, without it, would never have obtained such positions. 

The method of teaching employed is different from that of any 
other institution. The use of regular text-books is dispensed with, 


No time lost from work. Thorough instruction. 


Practical methods. Endorsed by Engineers and Leading Electrical Journals. 
Students in every State in the Union. # s # A sw st st wt ot Yt 


because of their expense and because they necessitate previous edu- 
cation on the part of those who study them, and contain, as a rule, 
much which is of little value in practical work. Many workingmen 
do not have sufficient preliminary education to use them advantage- 
ously. Neither have they time to waste in studying things they 
will never use. In The International Correspondence Schools these 
conditions have been met by preparing courses of instruction which 
begin at the beginning, requiring only a ‘knowledge of reading and 
writing on the part of the student to commence, and writing 
and illustrating, expressly for the purpose, all the Instruction and 
Question Papers and Drawing Plates used in teaching. This under- 
taking has required an expenditure of over $100,000, but it is the 
reason for their success. Without it such growth as these Schools 
have experienced would have been impossible. 


How Electrical Workers Can Win Promotion. 


Dynamo Tenders, Linemen, Wiremen, Motormen, Armature and Magnet Winders and others can fit themselves 
to design or install and operate electrical machinery or both. : 


THE ELECTRICAL POWER AND LIGHTING 
SCHOLARSHIP. 


This Scholarship is the proper course for Superintendents and 
Managers of Electric Light and Power Plants and Electric Railways 
to take. It is also intended for Armature and Magnet Winders, 
Dynamo Tenders, Linemen, Wiremen, Motormen, and workers in 
electrical industries ; for those engaged in the installation and ope- 
ration of electrical machinery and equipment and for persons who 
contemplate engaging in such work. 

The course embraces the necessary instruction in arithmetic, 
miensuration and mechanics, to enable the student to understand the 
principles discussed and make the calculations required in this class 
of work, and also sufficient practice in Mechanical Drawing to 
qualify him to make neat and accurate drawings. Then follows in- 
struction in the principles and construction of dynamos and motors; 
in rules governing the electrical resistance and carrying sol ary of 
wires; in the use of instruments for testing ; in rules for calculating 
the electro-motive force of dynamos; in the methods of winding 
used for various types of direct and alternating current machines, 
and in locating and remedying faults which may develop in electri- 
cal machinery. The arrangement and the equipment of and the 
distribution of power from central stations is covered in detail, in- 
cluding the construction of pole lines and underground or conduit 
systems. The principles of arc and incandescent lamps are fully 
explained, and both street and interior wiring and lighting are 
taught. The construction, equipment and operation of electric 
street railways is treated in accordance with the most approved 
methods. Electricity as utilized for mining purposes, in operating 


fans, pumps, hoisting machinery and -haulage systems, coal cutting 
and boring machines, drills, ore crushers, stamp mills.and concen- 
trators ; and for blasting and signaling, is also taught. The instruc- 
tion fully covers wiring for light and bell work and other purposes, 
and the installation of electric bell and signal systems, burglar and 
fire alarms. ; i 


THE MECHANICAL-ELECTRICAL 
SCHOLARSHIP. 


This Scholarship is intended for persons who wish to obtain 
such a technical education as will qualify them to design electrical 
machinery and to become Electrical Engineers. 

The course embraces instruction in Arithmetic, Algebra, 
Geometry and Trigonometry, Elementary Mechanics, Hydrome- 
chanics, Pneumatics, Heat, Mechanical Drawing, Steam and Steam 
Engines, Strength of Materials, Applied Mechanics, Steam Boilers 
and Machine Design, a knowledge of which is required before ad- 
vanced electrical subjects can be studied with profit. Then follows 
instruction in the Fundamental Principles of Electricity, Electrical 
Measurements, Batteries, Applied Electricity, Dynamo-Electric Ma- 
chine Design and Power Transmission. It is a complete and thor- 
ough course of study in Mechanical-Electrical Engineering. 

A person completing this course has a through knowledge of 
the theory of dynamo-electric machine design, and after experience 
in the designing room and the manufacturing department of an 
electrical establishment, will be able to design and superintend the 
construction, installation and operation of mechanical and electrical 
machinery. 


We will Refer You to a Student in Your Own Vicinity. 


For the financial standing of The Colliery Engineer Co., proprietors of the International Correspondence 
Schools, refer to Bradstreet’s or Dun’s or any other commercial agency, or write to any bank or business 


house in Scranton. 
they can consult. 


We also teach Steam Engineering, Stationary, Lócomotive, 


Intending students will be referred, if they desire, to a student in their own vicinity whom 


or Marine; Me- 


chanics ; Mechanical Drawing; Architecture; Architectural Drawing and Designing; 
Heating and Ventilation; Plumbing and Gas Fitting; Civil Engineering; Hydraulic 
Engineering; Railroad Engineering; Bridge Engineering; Municipal Engineering ; 
Surveying and Mapping; Coal and Metal Mining; Prospecting; English Branches; 


Book-keeping and Business Forms, 


Send for Book of 1,000 Testimonials from Students and Free Circular con- 


taining full particulars. 
Address, 


Please mention the subject in which you are interested. 


The International Correspondence Schools, 
Box 1025, SCRANTON, PA. 
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ANUFACTURERS OF HIGH GRADE 


S witches and S witchboards 


Send for our new data sheets, showing dimensions of standard, 
single break and quick break switches, enabling any engineer 
to design switchboards using Hill Switches. 


General office 37 ELM ST., NEW BEDFORD, MASS. 


BOSTON, NEW YORK, 
_141 Franklin Street. Machado & Roller, 203 Broadway. 
CHICAGO, SAN FRANCISCO, 
Central Electric Co., 173 Adams St. Abner Doble Company. - 
WITH : 


a a > F i 
Self-Adjusting Handles $ $- 
ALL SIZES, SINGLE AND DOUBLE POLE. To 


GANG PLATES FOR ANY NUMBER a 
OF SWITCHES. j 


THE HART & HECEMAN MFC. CO., 


RAWHIDE PINIONS FOR ELECTRIC MOTORS 


A SPECIALTY. 


RAWHIDE DYNAMO BELTING 


Greatest Adhesive Qualities. A Non-Conductor of Electricity. 
Causes Less Friction than any other Belt. 


THE CHICAGO RAWHIDE MANUFACTURING CO. 


THE ONLY MANUFACTURERS IN THE COUNTRY. 


This Belting and Lace Leather is 

LACE LEATHER ROPE not affected by steam or dampness; 
ano OTHER RAWHIDE never becomes hard; is stronger, 
more durable and the most econom- 


GOODS ical Belting made. The Raw- 
OF ALL KINDS hide Rope for Round Beltin 
BY KRUEGER'S PATENT E AL is eaten ss 
75 Ohio Street, CHICACO, ILL 


. METALT.IC LINE. 


GROUNDED LINE. 


To Our Customers = 


.. We make everything 


used in Telephones and f 


all Telephone Supplies. 


Guarantee all our Goods 


or money refunded. Goods sent C.O.D. 


to any part of the United States. 


Make Your Own Telephones. 340 Dearborn Street, CHICAGO. 
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ELLIPTICAL - CARBON - COMPANY, 


205 La Salle Street CHICAGO. 


One pair of our Carbons burns 16 hours. j CHAS. E. GREGORY, 
We refit your lamps for their use for 70 cents each. _ Manager. 


THE LOUIS K. COMSTOCK COMPANY, 


Electrical Engineers and Contractors. 
Main Office, 1437-38 Monadnock Block. 


PATENTED METAL HALF SHADES. 


Aluminum a d Tin. New Shape, Solid Base. 


CHICAGO. 


WESTON iiei 
LIGHT 
ey | AMMETER. 
25) | Cheap, Reliable and very 
ie ‘Se Accurate. 
Absolutely ‘Dead Beat.” 


Scale so proportioned that a change 
of œ of one Ampere can be seen from 
a considerable distance. Three differ- 
ent ranges: 

F. A No.1. 5.8, 6.8, 7.8 amp. in amp. div. 
Bnet A h No. 2. 8.6, 9.6, 10.6 “ “p “ 
_ No. 3. 9.5, 10.5, 11.5 ‘* “ yy " 


N ELECTRICAL INSTRUMENT CO., 


“ 


Ta, : T 


FOR 16 or 82 C. P. LAMP FOR GENERAL LIGHTING. 
ALUMINUM.—Green outside, highly polished inside. 


TIN.—Green outside, white enamel inside. 
My patents cover every kind of half shades in metal or glass. 
NOTICE | Infringers will be orosenie. Aud WE TO 
114-120 William St.. NEWARK, N. J. 


A. A. MCcCREARY , 136 Liberty Street, N. Y. 

Send for new foldera and discounts. Mention AMERICAN ELECTRIC'AN. 
A Time Saving, 
Labor Saving, 
Money Saving Device. 


ERRE 
sae 


SIMPLE. 
S& RELIABLE. 
CHEAP. 


A 


a Ji | ni 


Thean. 
Lounsbury 
S \ Electric 
7 Chain Hoist. = 


f 
N 8, 10 and 12 loch. 
$560, $700, $850 per 1000. 


LETT 


F Duplex Medical Coils, A 
$120 per 1000. i) 


Duplex Bell Magnets, Duplex 250 ohm Tel. Ind. Coils, 
$30.00 per 1000. ¥ $150 per 1000. C 


Under Perfecı Control, 
Easily Portable, 


Load Self-Sustaining 
S We sell Magnets to the trade for less than the cost of wire on 
the ordinary silk or cotton wound magnet. 


at all points. PX 
We) 
BUILT BY 


Lounsbury & 
Company, 


225 W. Twelfth St. | >S magnon gg e 
cs Any VA (a CY \ Cy 
Chicago. MF I= 
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LEAR N how to connect a 
Faucet or do Lead ae 
Pipe Piumbing without solder or wiping joints. 
A 
aes: 


SEND FOR 
CATALOGUE 


ot ma ay 
on a Eao y x A 
TAa : 


{ 
Mal 
i 


h l 
i: i E _ 
taal Titi | 
adl i | 


WYonash-Younker Co. 
203 SO. CANAL STREET 
CHICAGO 


NO SOLDER NOPELLETS 


=WiLELAR D-EEECTRIC 
—é-BAT=T- 


Seno ~+ 


Sarasa 


FOR na) > 
CATALOGUE ( 
nil QuoIN. ILL 


pıNE ST. 


Y 
N -St Louis. 
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c HAD 
BEST LINE 


aKa EE S 
——T 0 — : = ~ ee 


A 


CITY TICKET OFFICE, 
232 CLARK ST., CHICAGO. 


Cincinnati ana A 
z  THELARGEST-LINE: oF. ya 

APN oveeannsncPareRnsa tress AIN 

\ 42 MURRAY ST. NY. ZAMAN \ 


Rr; S E AA 
aS ef Brar VAZ 
í 4 
; WA e T(. 4492 
The South. A IGHT GLOBES ESH < 


THIS IS THE OLD RELIABLE — mm 


LAHMAN - KIRKWOOD PATENT GRATE. 


W. H. LAHMAN, Patentee and Sole Manufacturer. 


~ 


6,000 Grates Sold in 
Last Seven Years. 


¢-~0479 


Send for 
New Circular “D” 
Showing 
Latest Improvements. 


¢-O0<3D 


22,000 sq. ft. in Use 
in Chicago Alone. . . 


Grate in two positions—1, ready for fire; 2, dumped. 58 So. Ca nal Street, GHICAGO. 
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SELF-LUBRICA TING, STEAM AND WATER TIGHT. Registered Trade Mark. — 


wed WF II? » 


RA, 
D’ For Piston Rods and 
Valve Stems of Steam 
Engines and Steam 
Pumps. 


“THE OLD RELIABLE” 
Ê 
Especially adapted for 


Electric Railway and THE ORIGINAL. 
1878-1896—18 YEARS. Light Plants. 
| N G ai AA < X A 


IN USE THE WORLD OVER. 


= = In ordering be careful to give exact 
P AC KI NG | diameter of Stuffing - Box and of 
~S Piston-Rod or Valve Stem. 


GOULD’S STEAM and WATER PACKING. None genuine without our Trade Mark stamped 
————————_-_-——————_ 07 Wrapper. (Trade Mark Registered.) 


THE GOULD PACKING COMPANY, 


ALBION CHIPMAN, 
Treasurer. 88 Cambridge St., East Gambridge, Mass. 


e f 

e ý 

o 

w a FOR 

= | 
AN Transmission 
fi} OF 

Power 


KENYON'S COTTON ROPE 


(Patent Interstranded.) 


P Made in any length without splicing, 
Especially adapted for Pulleys a and any diameter, from one-fourth -to 
al four inches. Strength superior toma- 


of Small Diameter. nilla, uniform diameter, even twist, etc. 
“THE KENYON” is in use on the largest drives in the world. 


FOR FURTHER PARTICULARS ADDRESS 


ARTHUR A. BRIGHAM, SOLE AGENT, 


545 Bourse, PHILADELPHIA, PA. om 186 Devonshire St., BOSTON, MASS., U. S. A. 


8688988688868 988888888888 88 
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FACTS THAT ENFORCE CONVICTION AND 
. CONFIDENCE. 


Mosna 
kord’s Boiler Compounds 


ARE EXCLUSIVELY used by the U. S. Government, and 10o Foreign Navies 
and Engineering Departments. 


ARE EXCLUSIVELY represented and largely sold in every civilized country 
on the globe; thus enjoying a world-wide reputation 
and demand. 


ARE EXCLUSIVELY recommended in our best modern works on Steam- 
Engineering. 
This unsurpassed library of fifty volumes may be attained as an outright 
presentation by all patrons of LorpD’s BOILER COMPOUNDS. 


THEORY VERSUS PRACTICAL EXPERIENCE. 


Recently many speculative theorists have advertised on the market num- 
berless chemical specialties, such as, 


TRI-SODIUM PHOSPHATE—SODIUM TANNATE 
SODIUM FLUORIDE, &c. 


Practical Experience and Applied Chemistry refutes the extreme claims 
of these theorists, and while conceding the value of these reagents, yet estab- 
lishes the truth that their specific values are on!y best attained when they are 
subject to intelligent application; their relative superiority when compared 
critically being entirely dependent upon the character of the feed-water used. 

Remember That These and Many Other Equally Valuable Reagents, are 
invariably used in the formulation of LORD’S BOILER COMPOUNDS; each 
Compound sold under this trade mark being scientifically formulated to meet 
each variety of natural water used by our patrons. 

An Analytical Department Conducted by (3) THREE Expert Water 
Chemists, replete with the latest improved chemical apparatus, is at the disposal 
of our patrons, and we are glad at all times to furnish analytical reports and 
all other desired information. 

We Recite an Experience of Thirty-six Years devoted exclusively to the 
chemical purification of natural waters ; and think that our mature and success- 
ful career justly entitles us to your confidence, exclusive of all competitors, 

We Shall be Glad to Correspond with You, and our best services are 
always at your disposal. Address all communications to 


GEO. W. LORD, 


816 Union St., 
Philadelphia, Pa. 


ANALYTICAL AND 
MANUFACTURING 


CHEMIST. 


STILL AHEA D==— 
Of all Competitors 


SS THE —- 


NEW AERGULED 


{accor BOILER OIL INJECTOR. 
a 7 SIZES, . - 50 TO 5000 H.P. 


Over 1100 in use, keeping over 6500 boilers free from 


scale. 
IT COSTS 


less than one cent a day to keep a too Horse Power Boiler 
clean. One pint of kerosene to 5000 gallons of water fed 
in by the HERCULES, will save coal, save cylinder oil, save 
repairs, save steam, Sent on 60 days' trial, to be returned 
if not satisfactory. 

Send for prices, testimonials, partial list of users and 
discounts. 


F. H. CORNELL & CO., 


469 West 14th St., New York. 


g E The original projectors of this manner of Boiler 
Cleaning. 
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DLEAD JACKET 


Feed-Water Heater, 


SIMPLE, EFFICIENT 
AND DURABLE. 


HEAVY SEAMLESS BRASS 


TUBES. 


Contains more heating sur- 
face than any other heater 
of equal size. Write for cir- 
cular and prices. 


STEAM JACKET HEATER. 


“Water Jacket” Condenser re- 
quires no air pump. Guaranteed 
vacuum of 24” to 26”. 

Also manufacturers of tubular, 
coil and open heaters, power pumps, 
boiler cleaners, etc., etc. 


Wm. Baragwanath & Son, 


55 West Division Street, 
CHICACO, ILL. 


WATER JACKET CONDENSER. 


THE OTIS 
Tubular Feed Water Heater 


AND PURIFIER. 


With Seamless Brass Tubes. One square foot 
of heating surface per horse-power. 


Guaranteed to heat the feed water to the Boiling 
Point (210° or 212°) with the exhaust steam without 
causing any back pressure. Also to Extract the Oil 
from the exhaust so that the exhaust steam, after 
being passed through the beater, can be used for heat- 
ing purposes and the water of condensation from the 
honung system be returned to the boilers free from 
oO 


These Heaters are shipped on their merits, and if they 
fail to do all that is claimed for them, parties trying 
them will be to no expense, as we will pay all expense 
a trial has cost. 


Patented and Manufactured by the 


STEWART HEATER COMPANY, 
120 to 130 Norfolk Ave., Buffalo, N.Y. 


Send for Catalogue. 


We have furnished Rope for 
- Some of the largest Drives 
Mi lhe counlry 


H-PHANNON 
E OMPANY, 
L4L6 Market SL, CHICAGO. 


-5 IMPERIAL = 


(TRADE MARE.) 


BOILER COMPOUNDS. 


ESTABLISHED 1876. 


For the Prevention and Removalof Scale in Steam Boilers. Please mail us sonm of your Boiler Scale, which we will analyze for you FREE OF CHARGE 


end prepare a compound for your special case, and guarantee satisfactory results, 


nd us a postal card and we will call. 


IMPERIAL CHEMICAL CO., Office and Laboratory, 324 St. John Street, PHILADELPHIA, PA. 


r 
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muma THE SPRINGFIELD ENGINE STOP 


Is an Infallible Protection. 


w l NA 
Hardly a 
Insures ae 
fee 
a = Passes 
Engines. | 
I but that 
Saves x:—@- we read 
ofa 
Lives. panes 
aS ai. 
When writing 
CATALOGUE please state 
FOR THE make and 


of Engine. 
CORLISS TYPE OF ENGINE EQUIPPED WITH THE ‘‘SPRINGFIELD” STOP. 


SPRINGFIELD ENGINE STOP CO., 278 MAIN STREET, 


SPRINGFIELD, MASS., U. S. A. 


ee 


| - THE FACT THAT - 
The Carlman— 
Damper Regulator 


Is sent on thirty days’ trial, should prove a sufficient 
“Earnest” of its superiority over all others. 


cre greatest of all coal saving devices; as | 
simple in operation, as in construction. 


SPECIAL FEATURES: 


Simpie in Construction, Accurate in Working, 
No Stuffing Boxes Used, No Lost Motion of Valve. 
Made Either Right or Left Hand. Sent on 3O 


Days’ Trial. Carlman NTA Regulator. 
The Watts Patent Pressure 
: We make 
Reg u lator IS OURS. Pump Regulators and Steam Traps. 
Hine & a o ent St. Byers & sneer ey SER st. 


Send your name and we'll mail our catalogue and prices. 


Watts Regulator Company, 257 Lowell St., Lawrence, Mass., U.S. A. 
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ENCINE. 
SIMPLE DIRECT CONNECTED TYPE. 


THE BALL & WOOD CO., {5 Cortlandt St., New York. 


, REPRESENTATIVES: 
Stern & Sliverman, 707 Arch 8t., Philadeiphia, Pa. George Wi. Kenyon, Endicott Arcade, St. Paul, Minn. 
C. E. Sargent, 404 Fort Dearborn Bida., Chicago, Ill. James & Company, Chattanooga, Tenn. 


C. & C. COOPER & CO, mso CORLISS ENGINES 


MT. VERNON , O. E Comro ono, ONG PRESSURE, 


New York Office, 


Room 1022 Havemeyer Building, 
F. W. Iredell, Manager. 


a edge oem 
THE CEE COOPER ce 
Pee 


ee 


~p 
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C. & G. COOPER & COS TANDEM COMPOUND CONDENSING CORLISS ENGINE FOR ELECTRIC STREET RAILWAY WORK. 


EXTRA HEAVY PATTERNS for STREET RAILWAY WORK 
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American - Ball Engines. 


The result of twenty-five years’ experience with four thousand engines, design- 


ed and built by Mr. Frank H. Ball. 


The latest development in practical steam engineering. 


New features, improved design and finish, but the same old valve that has 


_ saved thousands of tons of coal in the last quarter of a century, and is the only form 


BOUND BROOK, N. J. 


Steam Engines 
Complete Steam Plants 
Refrigerating Machinery 
Complete Ice Plants 


Mechanical Stokers 


NEW YORK - BOSTON 
26 Cortlandt St. 53 State St. 


9OOOOOO444040000000666666600008 


9900000000000006600600000066666060000000008 


of valve used in single valve Automatics, that follows 
its own wear, and never leaks. 

. We also build a full line of Multipolar Dyna- 
mos and Motors, and our new six pole generators 
are adapted to an AM ERICAN-BALL ENGINE, 


making complete and symmetrical generating units. 


American Engine Company, 


alla ala ahaa 


WESTINGHOUSE, CHURCH, KERR & CO. 


ENGINEERS 


Steam Loops © 

Complete Electrical Plants 
Complete Boiler Plants 
Mechanical Draft : 
Complete Economizer Plants | 


PITTSBURG CHICAGO 
Westinghouse Bldg. 171 La Salle St. 
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Mayo Alternating 
and Direct Current 
‘Dynamos——_ 


For Light and Power. 


| Mayo Bipolar 
Dynamos and 
Motors. 


Cae 


Correspondence Solicited. 


V. J. MAYO, 


HIGH GRADE. De a 100 N. Clinton St., 
MEDIUM SPEED. iii SS Chicago. 


Central Valve Engines. 


WILLANS & ROBINSON’S Patent. 


Simple, Compound, Triple Expansion, x Condensing or Non-Condensing. 


Over 130,000 H. P. In use or on order. 
ABSOLUTE SILENCE. WONDERFUL DURABILITY. HIGHEST EFFICIENCY. 


M. C. BULLOCK MANUFACTURING CO. 


SOLE AMERICAN LICENSEES, 


1171 W. Lake Street, CHICAGO. 


8 220 
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¢ THE BALLENGINE CO} 
Specially designed and adapted to YN See A Q aaa 


For heads of 3 feet to 2000 feet. Hex) a 
ELECTRIC POWER and LIGHTING PLANTS | EGO ERIE. PA. 
ar l 


Securing a high percentage and great steadiness S OF ENGINES 
of motion. Anam ualed concentration of power, MAKER R FL OF THE HIGHEST STAN ç EXCELLENCE 
with a high velocity. Its easy operating bal- FOR ELECTRIC UGHT 4 DARD 0 
anced gates, affords fine regulation by governor. DELECTRIC RAILWAYS. 
Satisfaction guaranteed where others 
Write for Catalogue and state your wants. 


JAMES LEFFEL & CO., Springfield, Ohio, U.S.A. 


WESTINGHOUSE ENGINES. 


The business situation throughout the country on the first of October, was 
undeniably bad. 

The cumulative effect of a long period of industrial depression, reinforced by 
the disturbing influence of a pending National election, had paralyzed every 
branch of trade and brought business about to a standstill. No orders were placed 
that could be withheld until after the election ; and steam engine sales, which are 
quickly affected by the approach and disappearance of prosperous times, were at a 


low ebb. 
In the face of these adverse conditions, the fact that our 


October Sales Averaged 150 H. P. Daily, 


points to the conclusion, that, however weak and inactive the general market for 
steam power may become, the demand for a strictly high class engine of estab- 
lished reputation never entirely disappears. 


THE WESTINGHOUSE MACHINE GO., PITTSBURG, PA.,U S.A. 


SELLING OFFICES: 


WESTINGHOUSE, CHURCH, KERR & CO., M.R. MUCKLE, JR., & CO., , 
26 Cortlandt Street, New York. 210 Drexel Bldg., Philadelphia. 
53 State Street, Boston. AUG. WOLF & CO 


171 La Salle Street, Chicago. Exchange Bldg., Kansas City, Mo. 
WONDERLY BLDG., Grand Rapids, Mich. D. A. TOMPKINS CO, 
WESTINGHOUSE BI_DG., Pittsburg, Pa. 38 College Street, Charlotte, N. Ç, 


PARKE & LACY CO., 21-23 Fremont Street, San Francisco, Cal, 
AND ALL FOREIGN COUNTRIES, 
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è MULTIPOLAR GENERATORS, 
Either Direct Connected or Belted. 


Direct connected Multipolar Slow Speed Motors for Direct Connection 
to Printing Presses, Elevators and Machine Tools. Street Railway 
Motors. Electro-Plating Machines. 


Che Card Electric Motor & Dynamo Zo, 


Office, 1032 BROADWAY. C; ; 
Factory, HUNT and BROADWAY. PUincinnati, Ohio. 
eg AGENTS. 
iao S a NEW YORK—150 Nassau Street. PHILADELPHIA, PA.—665 Bourse Bldg. 
Re i ee BET ee nn ST. LOUIS—g11 Market Street. SAN FRANCISCO,—523 Mission Street. 
BOSTON—6z Federal Street. 


Westinghouse Electric and Manufacturing Co. 


eee PITTSBURCH, PA. eee 


Manufacturers of 


Standard Systems for Electric hight and Power Distribution in Cities, Factories, Mills and Mines. 


The Tesla Polyphase Alternating System of Electrical Transmission by Which Power, 
Incandescent and Arc Lighting May be Supplied from the Same Circuit. 
THE WESTINCHOUSE ELECTRICAL SYSTEM, WHICH 18 THE MOST DURABLE, ECONOMICAL 
AND EFFICIENT ON THE MARKET. 


New York, 120 Broadway. Chicage, New York Life Building. San Francisce, Mills Building. 
Boston, Exchaage Building. Philadelphia, Girard Building. Syracuse, N, Y., Bastable Building. 
Baffalo, N. Y., No. 8, Erie Co. Bank Bidg. Pittsburgh, Westinghouse Building. . Tacoma, Wash., 102 S. 10th St. 
Charlotte, N. C., 36-38 Coilege St. St. Louls American Central Building. 


WESTINGHOUSE ELECTRIC CO., Ltd. 3e Ree APO, anaoa, ee 
For Canada Address: AHEARN & SOPER, Ottawa, Ont. : 


Siemens & Halske Electric Co. of America. 


Masufacturers of 
Direct Current, Multipolar, Slow Speed, External Armature Generators and Motors, especially adapted for direct connection. 
(Type 1.)—In sizes from 20 to 2,000 H. P. 
Direct Current, Multipolar, Medium Speed, Internal Armature Generators and Motors adapted for Belting. 
(Type A.)—In sizes from 10 to 300 H. P. 
Direct Current, Bipolar, Medium Speed, Internal Armature Generators and Motors adapted for Belting. 
(Type L. H.)—In sizes from § to 130 H. P. 
Direct Current Boosters, absolutely controlled by U. S. Patents granted to Siemens & Halske Electric Company. 


Siemens’ Baad Arc Lamps for Direct and Alternating Current, Electric Mining Locomotives. Steam Locomotives, Etc. 
Complete Electric Railway Equipmeats under Siemens’ Patests : 


SIEMENS’ UNDERRUNNING TROLLEYS. 


The Siemens Contact Bar is safer than the ordinary trolley, and the overhead construction .s ess costly. Dr. Ernst Werner von Siemens 
was the pioneer in Electric Traction. He built his first Electric Railway in 1879. Write fot catalogues and further information to 


SIEMENS & HALSKE ELECTRIC CO. OF AMERICA, 98 Jackson St., Chicago. 


SALES OFFICES:—New York, Eastern District, American Surety Building. Greater New York, 136 Liberty St. Boston, John Hancock Building. 
Philadel phia, 53: Plage ops St. Ciacinsati, Perin Building. Minneapolis, 249 Second Avenue, South. Denver, 608 Boston Block. Salt Lake City, Knutsford 


Quaker City Electric Co. 


DEALERS PROTECTED. 
NOTICE THESE PRICES! 


K. W.|Pie.] Discount 

Moderate |! |875. 

5 P E 125.00] to Dealers 
eed. | 3.__ | 150.00, 

p 5. | 187.50 Only. 
7-5 | 243.75 
se lO. | 300.00 | wv 
35. | 412,50. 
Highest 20. | 525.00 Fully 


25. | 625.00 
Efficiency. [Larger sizes Guaranteed. 


on application 


236-238 Carter Street, 
and Discounts, °t PHILADELPHIA, PA. 


E ųěġODYNAMOS and MOTORS! 
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HIGH GRADE DYNAMOS AND MOTORS. 


FIELD FORGED IN ONE PIECE. 


Polnts of Superiority : 


Large commutator and brush 
surface 


` We use India mica insulation 


winding’ d b rt 
inding done e me- 
nadie. y expe 


No joints whatever in mag- 
netic field (all other makes 
contain join 

Highest efficlency, due to 

orged field and ish grade 
mechanical w 
Self-oiling e always 


cold. 
RETI detail of construction 
cae aie gurranteed 


- for one year. 


A Few of Our Customers : 


Crescent Shipyards. 

Geo. C. Boldt, Waldorf, N. Y. 
Lord & Ta lor, DER York. 
Brooklyn Anne 

Peter Widener, Philadelphia. 
ane EN An Co., Mechanic- 


l siege Cooper & C 


er-Kranz Club, New York. 
Watervliet Arsenal, West 


roy, N. Y. 
Centre Stock Yard & Transit 


TESTIMONIALS. 


AMSTERDAM, N. Y., 
August 22, 1895. 


THE E. G. BERNARD CO., 
Troy, N. Y. 


Gentlemen :—Y ours at havd, 
requesting an expression of 
our approval of your appar- 
atus. 

Nine years ago we bought 


.our first plant of you, and it 


gave us such satisfactory ser- 
vice that we bought three 
more machines of you and in 
further testimony. of our high 
regard for your apparatus, we 


.enclose our order for the fifth 


machine, for our new No. 4 
Mill. 
You may refer any one de- 
siring reference to us. 
Yours very truly, 
A. V. MORRIS & SONS. | 


Write for additional testi- 
monial letters. 


, Jersey City. 
haa: over 1,000 others, 


These Machines are a Perfect Combination of Science and Mechanical Skill. 


Write for Prices and Testimonials. 1918-1934 Sixth Avenue 
If you are in the market for Electric Light Th E. G. B d C r 
upplies, write for Catalogue No. 21 A A e e rn a r 0 ag TROY, N. Y. 


B. R. HARDING, Agent, 1340 Marquette Ballding, Chicago. 


PUprrprrerrrerrverrpreneprevreryreergreyrrvvrrerpnprenTprgTTyTryTVTTpTpTpOTTpOT Opry 


The S, K. C. System... 

Long Distance Transmission 
General Station Distribution 
Mill and Factory Equipment 


Uaa 
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A COMPLETE SYSTEM 
FOR °° °° nd °° e° 


Correspondence Solicited. 


Generators will be wound and Guaranteed 
for an E. M. F. as high as 10,000 Volts. 


Stanley Electric Manufacturing Co, Pitstield, Mass. 


D 


BRANCH OFFICES: 


CHICAGO, 805 Dearborn Street. BOSTON, Equitable Building. NEW YORK, 89 Cortlandt St. 
SAN FRANCISCO, 106 Market Street. ANDERSON, S. C. 


The ROYAL ELECTRIC COMPANY, Montreal, Canada, are sole licensees for the manufacture 
and sale of the S. K. C. System in Canada. 
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Eddy Multipolar ———=— _ 
Generators 


For Lighting and Power. <— — 


Belted or 
Direct Connected 


Embodying all the latest improvements known to electrical science, 


and high class in every particular. Especially adapted to severe service. 


Investigation solicited. Send your specifications, or write for particulars 


to the company, or any of its representatives. 


weeseeveetd 


The Eddy Electric Mfg. Co. 


WINDSOR, CONN., U. S. A. 


Chicago Office—305 Dearborn St. 

Cincinnati Office—Nevada Bidg., John A. Stewart, Mgr. 
St. Louis, Mo.—Western Electrical Supply Co. 

Kansas City—W. T. Osborn. 


Sgt otot of of of ot 
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New York—H. B. Coho & Co., 203 Broadway. : 
Philadeliphia—Walter C. Mcintyre & Co., 506 Commerce St. 
Boston—G. TI. Angier & Co., 64 Federal St. 

Elmira, N. Y.—S. N. Blake. 
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OF ALL SIZES EITHER COTTON OR SILK 
SINGLE OR DOUBLE COVERED. 


MADE IN OUR FACTORY. 


Feeder Cables, both weatherproof and 
lead covered, weatherproof wire, magnet 
wire, silk and cotton covered cord kept in 
stock or made to order. 

We sell rubber covered and bare 
copper wire. 

ye 


If you are in need of sockets, snap 
switches, knife switches, fuse cut-outs, cir- 
cuit breakers, insulators, either porcelain or 
glass, lag screws, pole steps, incandescent 
lamps, or any incidental material, send us 
your order; these goods 


CARRIED IN STOCK 
WAITING FOR YOUR ORDERS. 


ut 


STREET RAILWAY 


WRITE FOR PRICES on trolley poles, 
trolley wheels, gears, pinions, feeder 
yokes, suspension ears, automatic ears, 
splicing ears, splicing sleeves, strain insula- 
tors, turnbuckles, eye bolts, pole ratchets; 
crossovers, poles, pole tops, feed arms, 
pins, guy clamps, or on any detail. 


ut 


We have a street railway catalog. 
Have you a copy? 


SAFO AO ne 
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Western Electric Company, 


‘a iw iw aw aN 


CHICAGO. NEW YORK. 
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WALKER COMPANY 


A MAGNETIC BLOW OUT 


Is not the best way of protecting controllers and motors. 


A heavy are caused by a 500 volt pressure is necessarily able 
to do serious damage to contacts, even if blown forward to the 
point of rupture. It is so theoretically.—_IT IS SO AS A MAT- 
TER OF FACT. 

The effect of a rupture of this kind may be such as to react 
on the motors and pierce the insulation. 

In the Walker controller there is no destructive arcing what- 
ever.. A special breaking cylinder opens the circuit at 32 sep- 
arate points. 

500 


“30 — 16 (approximately). 


16 volts at one break hardly causes a spark. 16 VOLTS AT 


EACH OF 32 BREAKS MAKES A PERFECTLY RUPTURED 
CIRCUIT. 


The Walker Controller is Superior to any other Device of the Kind 
Ever Offered to the Public. 


FACTORIES AT 
Cleveland, Ohio. New Haven, Conn. 


MAIN OFFICE, 


CLEVELAND, OHIO. 
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INSULATED WIRES AND DABLE a 

For AERIAL, TRANSMISSION + 

SUBMARINE as: 1A 

AND POWER, EAIM 

UNDERGROUND USE. WIRING BUILDINGS 


Send for Catalogue. Ask for Samples. 


THE OKONITE COMPANY, Limirep. d 


RD L. CANDEE O. T. MANSON, = 1 Supt. 4 
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CHICAGO INSULATED WIRE CO, 


153 Lake Street, CHICAGO. 


Received Highest Award at World’s Fair, Chicago, 1894, W.R. BRIXEY, Manufacturer, 293 Broadway. New York thy 
INSULATED WIRES AND CABLES S$. F. B. MORSE, Western Agent, Chicago. ms. 
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Catalogue. Recording Thermometers. 


Every Instrument Fully Guaranteed. 


Lundell Motors. 


Interior Conduit 
and Insulation Co., 


527-531 W. 34th St. D 
NEW YORK CITY. | 


THE BRISTOL C0., Waterbury, Conn. 


DYNAMOS AND MOTORS l 


For All Purposes, at 
LESS THAN THE COST OF MANUFACTURE. 
All Guaranteed. Send for our Bargain Sheet. 


CHAS. E. GREGORY CO., 47-49 S, Jefferson St., Chicago, 


The President ‘ of the American Institute of Electrical wees 
= in his presidential address, said: : 


he best system for the long distance 

Transmission of energy, for general 

purposes, is the Three-Phase ‘Alternating 
System.” 


OVER NINE-TENTHS OF THE ELECTRICAL POWER TRANSMISSION INSTALLATIONS $ 
$ IN THIS COUNTRY ARE OPERATED ON THE THREE-PHASE SYSTEM. 


he Three=-Phase Alternating System of Long 


Distance Power Transmission was developed and 
brought to its present perfection by the 


GENERAL ELECTRIC COMPANY 


Sales Offices in all large Cities of the United States. A . 
Por Canada, address Canadian General Electric Co., Ltd., Toronto. Main Office, SCHENECTADY, N. Y. | 
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